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VERTICILLIUM-WILT OF HERBACEOUS AND 
WOODY PLANTS. ') 
INTRODUCTION. 
The fungus Verticillium albo-atrum, described in 1879 as the 
cause of the so-called "Kräuselkrankheit" of potato by Reinke 
& Berthold, has of late drawn the attention of investigators in 
Europe and America on account of its economic importance as a 
pathogène of several other plants. The present work is a contri-
bution to the knowledge of the plant diseases caused by this 
Verticillium and by a related species. Experiments were made to 
study the exact way in which the fungus penetrates the uninjured 
roots of the host plant. Pure cultures of Verticillium on sterilized 
soil were exposed to frost and drought. It has been found that 
Verticillium attacks a still greater number of cultivated plants 
than was to be deduced from the earlier literature. In particular 
much attention has been given to the study of Verticillium-wilt 
of cherry trees, causing much damage in some orchards. With 
regard to the relation existing between the Verticillium-species 
and the affected plants, cross-inoculation experiments have 
shown that these fungi are little specialized. 
CHAPTER I. — DIAGNOSIS. 
As the symptoms characterize the diseases in the first place, 
and as they are such an important factor from a practical point 
of view, they will be discussed first. 
Comparing the descriptions of the symptoms of Verticilliosis in 
different publications (Whetzel & Rosenbaum: 1912, Klebahn: 
1913, Orton: 1914, Pethybridge: 1916a, Westerdijk: 1917, Car-
penter: 1918, Jagger & Stewart: 1918, Van der Lek: 1918a, 
Bewley: 1920 and 1922, Schoevers: 1922) mutually and with 
author's observations, the following general characteristics may 
be given. 
§ 1. EXTERNAL SYMPTOMS. 
The leaves lose their turgidity and become yellow from the 
base of the stem upwards. The phenomena often appear uni-
laterally along the stem and in the leaves. Sometimes the longi-
tudinal halves of the stem are not subject to the affection in the 
1) A paper on this subject will shortly be published in Dutch in "Tijdschrift over Plantenziekten" 
same degree. Often the whole plant is stunted, the upper inter-
nodes in particular developing less vigorously. The affected 
leaves hang down withered along the stem, or soon fall off. 
This process advances in upward direction, till at last the top 
begins to die. Often the Verticillium disease results in a prema-
ture death (PI. I, fig. 1). 
When the symptoms of the leaves are examined more closely, 
it is seen that in the very first stage the tissue at the tip or at 
the edges of the leaf becomes pale green or yellowish green, and 
somewhat flaccid. Sometimes a red or violet hue appears. The 
yellow blotches spread, the peripherical tissue dries up and be-
comes brown. These areas are bordered by a yellow margin. Often 
the petioles droop, the affected laminae being slightly raised 
along the midribs. , 
In sunny weather the plants may wither rapidly, during the 
night they often recover their turgidity for the time being. 
§ 2. INTERNAL SYMPTOMS. 
On cutting open the stem, the vascular bundles (the wood in 
trees and shrubs) are seen to be discoloured yellow or brown. 
(PI. I, fig. 2). Microscopic examination shows that the myce-
lium of Verticillium exclusively spreads through the tracheae and 
tracheids. 
When the fact had been established that fungi may cause vas-
cular diseases, the term of vascularmycoses (Gefäszmykosen) 
came into use. As Verticillium however only occurs in definite 
parts of the vascular system, Pethybridge (1916a) proposed to 
substitute the term of "hadromycosis" for the general name of 
"vascular mycosis". In author's opinion the disease is better 
defined by the more specific term of "tracheo-mycosis", which 
was first used by Quanjer (1916), and afterwards adopted by 
others (Van der Lek: 1918a, Wollenweber: 1922). 
§ 3. CASES OF WILTING WHICH MAY BE CONFUSED 
WITH TRACHEO-VERTICILLIOSIS. 
As symptoms of wilting also arise through lack of water, the 
Verticillium disease is often not recognized as such. The prema-
ture dying off of plants is generally attributed to prolonged 
drought. The most characteristic feature of Verticillium-wilt is 
the frequent restriction of the symptoms to one half of stem or 
leaf, and the browning of the vascular tissue. 
Besides wilting may be due to basal affection, e.g. a "collar 
rot" of tomato caused by Verticillium lycopersici (Pritchard & 
Porte: 1921). According to Guéguen (1906) the "maladie du 
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Fig. 1. Aconitum Napellus naturally 
infected with Verticillium 
Dahliae. The stems at the right 
show the external symptoms 
of disease. Photographed in the 
middle of June 1921, Wage-
ningen. 
Fig. 2. a. Pieces of a pota to tuber 
natural ly infected with Ver-
ticillium. Vascular tissue 
brown, 
b. Pieces of a healthy pota to 
tuber. 
Fig. 3. Conidiophore of Verticillium 
albo-atrum isolated from 
potato. X 175. 
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collet" of Aster, caused by Acrostalagmus1) Vilmorinii appears 
at the base of the stem and is accompanied with an affection of 
the parenchymatous tissue. In author's opinion this disease is 
more a foot disease than a tracheo-Verticilliosis. Westerdijk & 
Van Luyk (1924) state that the same disease in Aster as is 
mentioned by Guéguen, is probably found in Holland. 
Wilting may also be produced by the fungus Fusarium. Howev-
er, Fusariosis chiefly occurs in hotter regions, whereas Verticil-
lium-wilt is more suited to the cooler climates. 
In doubtful cases microscopic examination and cultural 
methods are necessary for a correct diagnosis (PL I, fig. 3). 
CHAPTER II.—PATHOGENICITY. 
§ 1. NATURAL INFECTION. 
According to earlier papers Verticil lium enters the plant from 
the soil through the roots or 'other underground parts. The 
problem has, however, not been studied in detail; no mention has 
been made as yet of the very first beginning of the affection. 
Place of Infection. 
From the following facts the possibility of a primary under-
ground infection may be derived: 
1. The restriction of Verticilliosis to definite field areas (Van 
Hook: 1904, Klebahn: 1913, Westerdijk: 1917, Van der Lek: 
19186, Czarnecki: 1923, and author's observations). 
2. The detection of Verticillium or of phenomena caused by it 
in subterranean parts of the diseased plants (Van Hook: 1904, 
Klebahn: 1913, Pethybridge: 1916a, Whetzel, Rosenbaum, Brann 
& Mc. Clintock: 1916, Jagger & Stewart: 1918, Weimer: 1923, 
and author's observations). 
3. The possibility of producing Verticillium-wilt artificially by 
soil and root inoculations (Carpenter: 1918, Van der Lek: 1918a, 
Bewley: 1922, and author's observations). 
Mode of Infection. 
Literature. 
Van Hook (1904) and Whetzel & Rosenbaum (1912) hold the 
view that in Panax quinquefolius ("ginseng") the fungus enters 
the open vessels of the leaf-and stem scars of the rootstock. 
In virtue of the mycelium being strictly confined to the wood 
vessels, Klebahn (1913) considers it hardly conceivable that 
mycelium or germ tubes penetrate directly into the healthy 
tissues, and invade the wood vessels. For the present Klebahn 
*) Acrostalagmus and Verticillium are identical (p. 20). 
thinks it most probable that the fungus penetrates wounded or 
dead parts of the dahlia tubers. 
Whetzel, Rosenbaum, Brann & Mc. Clintock (1916) state that 
the fungus threads penetrate the healthy root of "ginseng". 
According to Carpenter (1918) successful soil inoculations have 
been made by allowing the seed of Abelmoschus esculent us 
(okra) to develop in soil infected with Verticillium (okra) and 
(potato).*) This experiment indicates that intact roots are sub-
ject to attack. 
Van der Lek (19186) observed that root inoculations made with 
great care not to injure the root-system, induced the symptoms of 
the disease, and that the fungus could be traced to the finest root-
ramifications. This author concludes that Verticillium can attack 
the uninjured roots, and supposes that the points where the 
lateral roots break through the parenchymatous tissue are one of 
the places where the fungus enters the host. 
Bewley (1922) placed tomato seedlings cultivated under sterile 
conditions into Erlenmeyer flasks containing nutrient medium. 
This was inoculated with Verticillium (tomato) five days later. 
"The fungus readily attacked the young roots, which it penetrated 
and passing into the wood, caused the seedlings to wilt". The 
plants withered ± 9 days after the inoculation, whereas the 
controls were quite healthy after 20 days. On the strength of this 
experiment the author thinks himself justified in assuming that 
Verticillium can infect healthy tomatoes in the absence of wounds. 
Pötschke (1923) on the other hand is of opinion that the fungus 
enters the horse radish through wounds. 
Author's Experiments. 
In order to study the exact way in which Verticillium pene-
trates non-wounded roots, a sterile-water spore suspension of a 
pure culture of Verticillium albo-atrum (potato) was applied to 
the roots of cucumber plants and to potato sprouts cultivated 
under sterile conditions. 
Experiment A. 
M e t h o d s . 1. Cucumber-seeds disinfected in mercuric chlo-
ride 2°/00 for 21/2 minutes, then washed in sterile water, were 
placed in: 
a. Test-tubes with pumice and distilled water. 
6. Large tubes with a plug of filter paper and distilled water. 
c. Large tubes with a plug of filter paper and Knop's solution.2) 
x) For simplicity's sake the name of the original host plant has been 
placed between brackets behind that of the fungus. 
2) Giltay, E. 1900. Plantenleven I, p. 47—48, publ. J. B. Wolters, Groningen. 
Plate II 
Fig. 1. Microphotograph of a longitudinal section of a pota to root with 
penetra t ing mycelium of Verticillium albo-atrum (potato). X ± 600. 
</ 
Fig. 2. Penet ra t ing mycelium of Verticillium albo-atrum (potato) piercing 
the cell walls of roots of cucumber (a and b) and of pota to (c, d, 
e and f), x 700. 
The tubes were kept in the laboratory at a temperature of 
15—20° C. After 3—4 days the seeds began to germinate. Three 
days later the rootlets were a few cm. long. Tubes showing conta-
mination were removed. A spore-suspension of Verticillium albo-
atrum (potato) was poured over the sterile plants. Two weeks 
after the inoculation the condition was as follows: 
a. Macroscopically no discolouration was to be seen at the 
roots. 
b. Three roots, densely overgrown with the fungus, showed a 
brown colour. 
c. Verticillium grew abundantly over the filter paper and the 
roots ; these were slightly brown. 
Two and three weeks after the inoculation the rootlets were 
collected in tubes with alcohol. Longitudinal hand sections were 
made and stained with Bleu coton.1) 
2. A small healthy potato tuber of the variety "Eigenheimer" 
was thoroughly cleaned by careful scrubbing with soap and water, 
disinfected in mercuric chloride 2°/00 for 1—l1^ hours, and finally 
rinsed in water. It was put in a large sterile tube with a plug of 
cotton-wool anok water. After a month many roots had been 
formed, over which a spore-suspension of Verticillium albo-atrum 
(potato) was poured. Three weeks later most of the roots had 
small, brown spots. They were fixed in stock chromo-acetic solu-
tion. The longitudinal sections prepared with the microtome were 
stained with Flemming's triple stain or safranin with light green. 
M i c r o s c o p i c E x a m i n a t i o n . It could be observed in 
the hand sections of the cucumber roots (a, b, and c) and in the 
microtome sections of the potato roots that Verticillium had pene-
trated the intact rootlets either through the epidermal cells or 
through the root-hairs. When the hyphae advancing through the 
root cells met with a cell wall, often a conic protuberance with a 
very fine channel had developed in opposite direction (PL II). 
Very long cones may extend over two thirds of the breadth of a 
cell. Sometimes a wall had been exposed to the fungus attack to 
such an extent that a group of smaller or larger protuberances 
and cones were found. In unstained sections the swollen portions 
of the walls had a yellow colour. By staining with safranin and 
light green the thickened walls and cones just like the wood 
vessels became red, the non-affected cellulose walls green. 
Finally the hyphae penetrate the excrescences, and pierce the 
light-coloured top of the cones (PL II, fig, 2). Afterwards these 
1) Klebahn, H. 1910. Krankheiten des' Selleries, Zeitschr. {."Pflanzen-
krankheiten, 20 : 23. 
protuberances seein to disappear for the greater part, remnants 
of them may still be observed. 
At last Verticillium reaches the young wood vessels. The myce-
lium filaments push their way through the thin parts of the annu-
lar and spiral tracheal tubes. Once a cone-shaped protuberance 
was observed within a wood vessel. 
Experiment B. In order to study the progress of the penetration 
into the roots during the first week after inoculation, the following 
experiment was made. 
"Eigenheimer" tubers treated as in experiment A 2 were placed 
in large tubes with pumice and distilled water. At a temperature 
of ± 20° C in the incubator so many roots had developed after 17 
days that the inoculation with a spore-suspension of Verticillium 
albo-atrum (potato) could be performed in seven tubes. Fixing of 
the roots in chromo-acetic solution took place 1, 2, 3, 4, 5, 6, and 
7 days after the inoculation. Longitudinal microtome sections were 
stained with safranin and light green. The results were as 
follows : 
After 1 day: where the germ-tube touched the epidermis, the 
cell wall was thickened and stained red with safranin. 
After 2 days : the germ-tube had pierced the epidermis wall, and 
crossing the epidermal cell, it had reached the second wall. 
After 3 days: the second wall had cone-shaped protuberances. 
After 4 days: the swelling of the second cell wall was pierced. 
After 6 days: the third cell wall bore protuberances. 
A tuber treated in the same way was planted three weeks after 
inoculation in sterilized soil. The growing plant showed Verti-
cillium-wilt very clearly, the fungus was re-isolated. The set of 
"Eigenheimer" tubers was not naturally infected, as the control 
plant remained healthy. 
Experiment C. The same way of penetration as described 
above may be observed in soil inoculations. 
Cucumber plants raised from seed in soil artificially infected 
with Verticillium albo-atrum (potato) showed the disease when 
± 6 weeks old. The root-system exhibited some yellowish brown 
spots after being washed in water. It seemed unlikely that this 
slight affection should clog the water-supply. In longitudinal sec-
tions of yellow parts of the roots thickened cell walls with protu-
berances could be detected. 
The natural way of infection seems actually to take place in 
the same way as was shown for plants cultivated under sterile 
conditions in tubes. 
Literature Referring to the Formation of Cell Wall 
Protuberances by other Fungi. 
Finally it deserves to be mentioned that the formation and 
piercing of conic cell wall protuberances by fungi has been de-
scribed by: 
De Bary {1870} for Erysipheae when forming haustoria, 
Smith (1900) for Erysipheae when forming haustoria, 
Ducomet (1908) for Vermicularia varions: knobs with callose 
reaction, 
Gregory (1915) for Plasmopara viticola when forming haustoria, 
Dastur (1920) for Ustilago Sacchari Rabenh. when penetrating 
scale hairs of eye-buds, 
Stevens (1922) for Helminthosporium when penetrating wheat: 
"a callus-like structure". 
Perennial plants, e. g. potato, may be infected in two ways: 
a. the mycelium penetrates the roots, 
6. the mycelium hibernating in the wood vessels of under-
ground parts of the plant, grows up into the developing stems. 
§ 2. BEHAVIOUR OF VERTICILLIUM WITHIN THE HOST. 
So far the means by which the fungus enters the plant have 
been sketched. The next point of interest is the consideration of 
the channels of transport within the plant. 
Verticillium grows from the wood vessels of the roots or other 
subterranean parts through the tracheae and tracheids of stem 
or trunk in upward direction, penetrates the wood vessels of 
lateral stems or branches, and spreads through the vessels of the 
petiole into the network of veins. Klebahn (1913) found mycelium 
in dahlia leaves even in bundles which contained only 4 or 5 
narrow vessels. 
In cases of natural infection the fungus gradually permeates 
the whole vascular system from the base upwards, calling forth 
successively the well-known symptoms in the foliage, and causing 
a browning of the affected wood. 
Stem inoculations show the phenomena particularly above the 
point of inoculation, i.e. in the direction of the transpiration cur-
rent. A downward growth of the mycelium is, however, not 
excluded. 
Spieckermann (1913) states that Verticillium inserted into 
stem-wounds of potato, is found back in the tubers only when 
very young plants are inoculated. 
According to observations by Van der Lek (1918a) on various 
cucumber plants, inoculated at a third or half the height of the 
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stem, the phenomena first appeared above the point' of inocula-
tion, and thl fungus grew only slowly downward. 
Author's observations: after, inserting Verticillium into some 
stems of Lupinus polyphyllus and Phlox decussata, the disease 
appeared not only in the inoculated but also in the non-inoculated 
stems. This indicates that the mycelium travelled through the 
wood vessels of the rhizome (p. 63 and 64). 
As soon as affected parts of the plant die off, the fungus leaves 
the vessels and penetrates the parenchymatous tissue. Resting 
mycelium is formed internally, and conidiophores appear exter-
nally when the atmosphere is moist (Whetzel & Rosenbaum: 
1912, Klebahn: 1913, Orton: 1914, Pethybridge: 19166, Van der 
Lek: 1918, Bewley: 1920 and 1922). In pieces of diseased potato-
stem kept in moist condition for twelve days, and showing a be-
ginning of rotting, Pethybridge (1916a) observed microscopically 
that the mycelium had spread from the vessels into the surround-
ing tissues, which were coloured black by the resting stage of 
the fungus. 
In microscopical sections of the affected woody tissue the 
author generally observed a discolouring of the wood vessel walls 
from yellow to brown (also Van Hook: 1904, Van der Lek* 
1918aJ, Bewley: 1922), often formation of thy loses (also Wester-
dijk: 1917, Van der Lek: 1918a, Pötschke: 1923), and sometimes 
the presence of a gum-like substance (also Westerdijk: 1917, 
Bewley: 1922, Pötschke: 1923). The fungus may form spores 
within the cavities of the vessels (Rankin: 1914, Pethybridge: 
1916a, author's observations). 
In longitudinal sections the hyphae are seen to run chiefly 
lengthwise, sometimes cross-wise or obliquely, and frequently 
close along the vessel walls, the round or oval cross-sections of 
the fungus filaments being particularly numerous in transverse 
sections (Klebahn: 1913, Van der Lek: 1918a, author's observa-
tions) . Here and there the hyphae pierce the unthickened part of 
the vessel wall, and invade adjoining wood vessels (Klebahn: 
1913, author's observations). 
Stem inoculations tend to support the view that the growth 
óf the fungus is chiefly confined to the longitudinal direction. 
The first symptoms of disease always appear vertically above 
the wound. In Phlox decussata e.g. the leaves vertically above 
the inoculation incision became entirely yellow and limp, whereas 
those placed crosswise showed the symptoms only in the parts 
directed "towards the place of insertion of the mycelium (p. 63). 
The fact that the fungus is strictly confined to the Wood vessels} 
and grows principally in longitudinal direction, explains the 
typical phenomena of uni-lateral stem-and leaf affection. 
Finally it remains to give an explanation of the phenomena of 
wilting. 
In numerous publications the view is advocated that the myce-
lium blocks the water-supply by choking the wood vessels (Ader* 
holdr 1907, Whetzel & Rosenbaum: 1912, Spieckermann; 1913, 
Pethybridge: 1916&, Carpenter: 1918). In this connection Czar-
necki: 1923 points to the formation of gum in the wood vessels ot 
apricot. 
Van Hook (1904) writes: "The wilting may not be entirely due 
to the complete stoppage of the vessels, but the presence of the 
fungus certainly interferes with the physiological activity, so that 
the functions are not properly carried on". 
Klebahn (1913) and Van der Lek (1918a) closely examined 
leaves of Verticillium-diseased plants (dahlia and cucumber), 
and they both arrived at the conclusion that in spite of the 
presence of mycelium in the vascular system of a leaf (in petiole 
or veins) its turgidity is perfectly preserved. On such parts of 
the leaves Klebahn found normal mesophyll, on withered parts 
on the other hand he found the whole tissue permeated with 
mycelium and the cells shrivelled. Van der Lek, too, states that 
not until the leaf itself is invaded, do the symptoms begin to 
develop. 
The inability of Verticillium to penetrate from the wood vessels 
into the adjoining protoplasm-containing cells, leads Klebahn to 
adopt the view that the fungus lives as a saprophyte within the 
living dahlia plants. It would feed on the solution of mineral 
salts, and possibly on glucose or inuline which may be present in 
the wood vessels. Klebahn writes further: "Später tritt jener be-
merkenswerte Wechsel im Verhalten des Mycels ein, der sich in 
dem Vordringen der Hyphen in die umgebenden Gewebe kund-
gibt". He is of opinion that a weakening of the cells of the host 
rather than a strengthening of the mycelium will be the decisive 
factor. Klebahn considers it possible that poisonous secretion 
products of the fungus, carried to the leaf-cells with the transpi-
ration current, would kill or weaken them, but such an action could 
not have escaped observation in earlier stages on account of a 
checked growth. Until something like this has been observed, the 
most plausible explanation is that retardation of the water-supply 
through stoppage of the vessels with mycelium leads to a diminu-
tion of the vital energy of the cells, which enables the fungus to 
overcome them. Though only occasionally accumulation of myce-
lium almost chokes up the vessels, the experience that wilting 
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takes chiefly place in sunny weather, speaks according to 
Klebahn undoubtedly in favour of the influence of clogged 
water-supply. 
Van der Lek, on the other hand, entirely rejects the stoppage 
theory: it cannot be reconciled to his observation that a cucumber 
leaf does not show any loss of turgidity in spite of the presence 
of mycelium in the petiole. This author does not consider Verticil-
Hum a saprophyte for the following reasons: 
1. the fungus can penetrate a healthy plant (according to 
him: 19186 no wounds are required for infection), 
2. the browning of the vessel walls suggests an attack by 
secretion of substances, 
3. the hyphae pierce the walls of the wood vessels, 
4. the fungus may cause the formation of thyloses. 
Van der Lek sees Verticilliosis more in the light of a leaf-
disease, an affection of the leaf-parenchyma, the fungus penetra-
ting the leaf internally through roots and stems. In his publication 
of 19186 Van der Lek attributes the phenomena of wilting partly 
to an affection of the root-system. 
Bewley (1922) draws attention to enzymatic action. Tomato 
seedlings cut off under water and placed in 3 X diluted filtrate 
of a culture liquid in which Verticillium (tomato) had been grown 
for 30 days, exhibited wilting after 42 minutes. When the filtrate 
had been previously heated for five minutes at 100° C, the symp-
toms appeared only in a slight degree. A similar experiment was 
made with the aqueous solution of the precipitate formed by 
treating the filtrate with absolute alcohol. The same results were 
obtained. The extract of finely ground mycelium was tested for 
the presence of an endo-enzyme capable of producing wilt, but 
without success. According to Bewley the results of further expe-
riments appear to warrant the assumption that under certain con-
ditions a definite exo-enzyme is produced by Verticillium (tomato) 
capable of producing wilt. "Such an enzyme may act directly in 
virtue of its function as an enzyme, or indirectly by reason of its 
gum-producing powers". 
That the stoppage theory should completely account for the 
wilting phenomena, does not seem probable to the author. It is 
possible that the mycelium, by blocking the wood vessels and by 
consuming water for its own growth, will somewhat retard the 
transpiration stream of the host. Undoubtedly an important factor 
for the wilting is the poisoning action of the fungus. The points of 
infection of the root-system are, according to author's observation, 
too insignificant to exert any influence on the water-supply of the 
plant. 
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§ 3. SAPROPHYTIC GROWTH AND HIBERNATION OF 
VERTICILLIUM IN THE SOIL, 
The facts that Verticillium usually infects the plants by pene-
trating their roots, and that the fungus can easily be cultivated on 
a number of artificial media, are an indication pointing to a sapro-
phytic life of Verticillium in the soil. 
Literature. 
The isolation of the fungus from soil was described by Dale 
and by Bewley. 
As the description and the accompanying drawing of Verticil-
lium albo-atrum (Rke & Berth.) isolated by Dale (1912) from 
light, sandy soil do not represent the typical characteristics of the 
said fungus in every recpect, and as no inoculation experiments 
prove its virulence, there is still some uncertainty about its 
identity. 
Bewley (1920 and 1922) detected Verticillium albo-atrum in 
pieces of plant remains unearthed from tomato nursery soils, 
after the crop had been removed. 
Klebahn (1913), Pethybridge (19166) Van der Lek (1918a), 
Bewley (1922) embrace the view that Verticillium hibernates in 
the soil as resting mycelium, found in vegetable refuse and 
evidently able to resist unfavourable conditions. 
Author's Experiments. 
Pure cultures of Verticillium were made in test-tubes with three 
different kinds of soil (sand, clay, and a mixture of leaf-mould 
and sand) by pouring a spore-suspension over the culture medium. 
At a temperature of ± 21° C mycelium developed already after 
three days. 
Pure cultures of: 
Verticillium (cherry): 3 strains of different origin, 
,, (tomato) [Vert, albo-atrum: cf. p. 26), 
„ (cucumber), 
„ (potato) (Vert. Dahliae: cf. p. 26), 
„ (Prunus Mahaleb) 
on the three kinds of soil mentioned were placed on October 7 
and 18, 1921 in a box facing the east, the door consisting of open 
trelliswork, so as to give free passage to the air. The winter of 1921 
—1922 was characterized by severe cold, as appears from Table I. 
The daily temperatures were recorded inside the box by a self-
registering maximum and minimum thermometer of Richard. 
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TABLE I. - Pertods af frost between October 18, 1921 and May 1, 1922. 
Night-frosts. 
Nov. 9, 10, 11, 24, 25, and 26 
Dec. 13 and 26 
Jan. 5, 13, 14, 19, 20, and 29 
Febr. 15 
March 21, 22, 23, 24, 30, and 31 
April 1, 2, and 7 
Periods of frost longer 
than 24 hours. 
Nov. 27—Dec. € 
Jan. 6-Jan. 8 
Jan. 15—Jan. 16 ' 
Jan. 23-Jan. 28 
Febr. 4—Febr. 13 
Minimum temperatures 
of the frost periods. 
— 12°. G i 
- 7,5° C 
- 4,5° C 
- 12° C 
- 10,5° C 
Pretty soon after the first great fall of temperature to — 12° C 
Dec. 5, 1921 ten of the cultures (on clay and on sand + leaf-
mould) were transferred to cherry agar slants, after having been 
put successively at places of higher and higher temperature. On 
Dec. 7 mycelium growth could be observed on all the transferred 
soil fragments. Five other cultures on sand were examined in a 
similar way Dec. 21 with the same results. 
On Jan. 3, 1922 all the tubes were placed out of doors again, 
and were not brought back into the laboratory until May 5, 1922. 
Hence the cultures were exposed to frost for 26 periods of twenty-, 
four hours and 22 nights, the minimum temperature of — 12° C 
having been reached twice. They were transferred to cherry agar 
plates May 6, 1922, and already two days later Verticillium 
growth could be observed. The fungi had kept alive in all the 
culture media. PL III, fig. 1 shows such a transferred Verticillium 
(cucumber: sand + leaf-mould) after four days. 
Stem inoculations with these transferred cultures had positive 
results (Table II). 
The original cultures on the soil media were for the greater part 
preserved in the laboratory. It is self-evident that the culture 
media had become perfectly dry Sept. and Oct. 1923. Transference 
to cherry agar slants proved that Verticillium (potato), V. (Prunus 
Mahaleb) and V. (cherry) were still alive on the three different 
kinds of soil and that Verticillium (cucumber) was still alive on 
clay. 
It may be concluded from the experiments described that Verti-
cillium is able to live saprophytically on sand, clay and a mixture 
of leaf-mould and sand, that in these kind; of soil it can resist 
frost and drought, and that it is still virulent after 26 natural days 
and 22 nights of frost. 
It was already pointed out on p. 7 that in perennial plante 
Verticillium can hibernate in the surviving organs. 
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CHAPTER III. RANGE OF HOSTS. 
The hosts of Verticillium are not restricted to small, systematic 
groups, but are scattered among numerous families and orders 
both of the Choripetalae and of the Sympetalae of the large class 
of Dicotyledons (Table III). 
§ 1. ORNAMENTAL PLANTS AND WEEDS. 
By far the greater number of hosts was found in gardens of 
private houses and of laboratories situated on the "Wageningsche 
Berg". The soil of this hill consists of sand. For many successive 
years potatoes have been grown on it. In the still remaining potato 
fields Verticillium-wîlt is of frequent occurrence, which fact 
accounts for its prevalence in the gardens. 
For the greater part ornamental plants, both annual, perennial 
and woody, showed the symptoms of Verticilliosis in Junç, July, 
and Aug. Also some weeds were attacked by the disease. Verticil-
lium was isolated from the following hosts, most of which are new: 
Papaver Rhoeas L., Eschscholzia californica Cham., Phlox 
Drummondii Hook, Aster chinensis L., Aconitum Napellus L. 
(PI. I, fig. 1), Papaver orientale h., Malva Alcea L. (cultivated), 
Lupinus polyphyllus Lindl., (also spontaneous seedlings), Phlox 
decussata Hort., Antirrhinum majus L. (new for Holland), 
Monarda didyma L., Campanula macrantha Fisch, Dahlia varia-
bilis Desf., (new for Holland), Gnaphalium margaritaceum L., 
Chrysanthemum indicum Cass., Rhus typhina L. (mentioned by 
Westerdijk & Van Luyk: 1924), Ribes sanguineum Pursh, var. 
Lombartii, Prunus Cerasus austera Ehrh., Daphne Mezereum L., 
Syringa vulgaris L. (PI. Ill, fig. 2), Sambucus racemosa L., 
the weeds: Urtica wrens L., Erigeron canadensis L., Senecio vul-
garis L., Chrysanthemum Leucanthemum L., besides Chenopodium 
album L., and Solanum nigrum L., wilting on artificially infected 
plots of sandy soil lying near the "Wageningsche Berg". 
§ 2. RED CURRANT, BLACK CURRANT AND GOOSEBERRY. 
In the north-eastern part of the province of Noord-Holland near 
the villages of Bangert and Blokker a centre of currant culture is 
found. Among the varieties of Ribes rubrum L. cultivated there: 
"Hoornsche Roode" and "Fay's Prolefic" the so-called "Bangert" 
disease occurs. Besides by symptoms of Verticilliosis, it is often 
characterized by the phenomenon of dropsy ("oedema"). The 
diseased trunks and branches show a lengthwise slitting of the 
cortex, through which a spongy, watery tissue exudes. The wood 
of the affected branches has partially a bluish colour. On micros-
copic examination mycelium was observed in the wood vessels on 
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TABLE Ma. — Distribution of Verticilliam-mlt among the Dicotyledons. 
Sub-
class I Groups Orders Families Qenera and Species Literature 
Monochlamy-
deae 
Dialypetaleae 
Urticales 
Centrospermae 
Polycarpicae 
Rhoeadales 
Columniferae 
Terebinthales 
o 
.n O 
Rhamnales 
Rosales 
Myrtales 
Umbellitlorae 
Ulmaceae 
Urticaceae 
Chenopodia-
ceae 
Berberidaceae 
Ranunculaceae 
Papaveraceae 
Cruciferae 
Malvaceae 
Anacardiaceae 
Aceraceae 
Vitaceae 
Saxifragaceae 
Rosaceae 
Papilionaceae 
Thymelaea-
ceae 
Araliaceae 
Ulmus spec. : after inoc. with 
Vert, (tomato) 
Urtica urens L. 
Beta vulgaris L. 
Chenopodtum album L. 
Berberis Thunbergii D C. 
Aconitum Napellus L. 
Papaver Rhoeas L. 
Papaver orientale L. 
Eschscholzia callforntca 
Cham. 
Cochlearia Armoracta L. 
Gossypium herbaceam L. 
Abelmoschus esculentus (L.) 
Meij. 
Abutilon sp. (weed) 
Malva Alcea L. 
Rhus Cotinas L. 
Rhus glabra L. 
Rhus typhina L. 
Acer sp. 
„ rubrum L. 
„ saccharum Marsh. 
„ saccharthum L. 
„ platanoides L. 
„ platanoides L. 
„ rubrum L. 
„ saccharum Marsh. 
(Artificially inoculated) 
Acer negundo L. 
Ampélopsis Veitchti Hort. 
Ribes Grossularta L. 
„ rubrum L. 
sanguineum Pursh var. 
Lombartii 
Ribes nhrum L. 
Prunus Persica Zucc. 
„ Armeniaca L. 
„ Cerasus acida Ehrh. 
Cherry-var. "Meikers", "Bles-
kers", "Eysdensche kers", 
"Spaansche kers", "Hedel-
finger Riesen" 
Prunus Cerasas austera Ehrh. 
(morello) 
Prunus Mahaleb L. 
Rubus occidentalis L. 
Rubus strigosus Michx. 
Lathyrus odorat us L. 
tuptnus sp. 
„ polyphyllus Lindl. 
Daphne Mezereum L. 
Panax qutnquefolius L. 
Aralta cordata Thunb. 
Amygdalus communis L. 
Bewley (1920). 
P. 14 and 26 
Westerdijk (1917) and p. 29 
P. 14 and 26 
Jagger & Stewart (1918) 
P. 14 and 26 
P. 14 and 26 
P. 14 and 26 
P. 14 and 26 
Pötschke (1923) 
Carpenter (1914, 1918) • 
Wollenweber (1913a), Car-
penter (1918) 
Carpenter (1914, 1918) 
P. 14 and 25 
Westerdijk & Van Luyk 
(1924) 
Westerdijk & Van Luyk 
(1924) and p. 14 and 26 
Rankin (1914), Zimm (I918> 
Jagger <S Stewart (1918) 
Colley (1924) 
Zimm (1918) 
Anonymous (1924) 
Van der Lek (1918b) 
Aderhold (1907) and p. 16 
and 26 
Aderhold (1907), 
Van der Lek (1918b) and 
p. 14 and 26 
P. 14 and 26 
P. 16 and 26 
Haenseler (1922) 
Czarnecki (1923) 
Van der Lek (1918a) and 
p. 29 
P. 26 and 31 
P. 14, 29 and 59 
P. 58 
Lawrence (1912), Berkeley 
& Jackson (1924), Hockey 
(1924) 
Berkeley <S Jackson (1924> 
Bewley (1922) 
Wollenweber (1922) 
P. 14 and 26 
P. 14 and 26 
Van Hook (1904), Whet-
zel & Rosenbaum (1912) 
Weimer (1H23) 
Czarnecki (1923) 
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TABLE Illb. 
Sub-
class II 
ce 
« 0» 
a. 
>> 
<fl 
Orders 
Tubiflorae 
y 
Ligustrales 
Rubiales 
Synandrae 
Families 
Polemoniaceae 
Solanaceae 
Scrophulariaceae 
Labiatae 
Oleaceae 
Caprifoliaceae 
Cucurbitaceae 
Catnpanulaceae 
Compositae 
Genera and Species 
Phlox decassata Hort. 
Phlox Drummondii Hook. 
Capsicum frutescens Willd. 
Solanum tuberosum L. 
Solanum melongena L. 
Solanum Lycopersicum Trn. 
Solanum carolinense L. 
„ rostratum Dunal. 
„ integrifotium Poir. 
„ torvum Sw. 
„ eleagntfolium Cav. 
„ marginatum L. 
„ pyraconthum Jacq. 
Lycopersicum esculentum Mill. 
, pimpinellifolium 
Dunal. 
Solanum nigrum L. 
Physalis Alkekengi L. 
Antirrhinum sp. 
„ mayas L. 
Monarda didyma L. 
Syringa vulgaris L. 
Sambucus racemosa L. 
Citrullus vulgaris Schrad. 
Cucumis Me/o L. 
„ sativus L. 
Campanula macrantha Fisch. 
.Aster chinensis L. 
Chrysanthemum indicum Cass. 
„ Leucanthemum L. 
Dahlia variabilis Desf. 
Erigeron canadensis L. 
Gnaphalium margaritaceum L. 
Senecio vulgaris L*. 
Tragopogon porrifolius L. 
Xanthium sp. (weed) 
Literature 
P. 14 and 26 
P. 14 and 26 
Wollenweber (1922) 
Reinke & Berthold (1879) 
Spieckermann (1910, 1913) 
Wollenweber (1913a) 
Orton (1914) 
Pethybridge (1916) 
P. 26 and 29 
Wollenweber (1913a) 
Carpenter (1918) 
Jagger & Stewart (1918) 
Haenseler (1923) 
Van der Lek (1918b) 
Bewley (1920) 
Schoevers (1922) 
P. 26 and 29 
Jagger <S Stewart (1918) 
P. 14 and 26 
Wollenweber (1922) 
Brown (1914), Carpenter (1918) 
P. 14 and 26 
P. 14 and 26 
P. 17 and 26 
P. 14 and 26 
Wollenweber (1922) 
Van der Lek (1918a) and p. 29 
Lindfors (1917) 
Van der Lek (1918a) and p. 26 
P. 14 and 26 
P. 14 and 26 
P. 14 and 26 
P. 14 and 26 
Klebahn (1913) and p. 14 and 26 
P. 14 and 26 
P. 14 and 26 
P. 14 and 26 
Jagger <S Stewart (1918) 
Carpenter (1914, 1918) 
the same side where the oedema was found. Verticillium was iso-
lated from both currant varieties. 
In an orchard where the currants suffered much from the 
"Bangert" disease, the symptoms of Verticilliosis also occurred in 
gooseberries (Ribes Grossularia L.) and black currants [Ribes 
nigrum L.). In both cases Verticillium was obtained by'cultural 
methods. 
The "Bangert" disease was also, met with among currants in a 
garden in the "Westland". Previously potatoes had been grown 
there, and probably the soil had got infected with Verticillium in 
this way. 
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. On July 29, 1922 three currant-bushes were used for inocula-
tion experiment.1). A pure culture of Verticillium [Ribes rubrum) 
was inserted into six branches of two bushes, precautions being 
taken to prevent contamination by other micro-organisms. Three 
branches of the third bush serving for control were treated in a 
similar way with sterile cherry agar. 
Oh September 22, 1922 the three inoculated branches of one of 
the bushes showed partially yellowing leaves up to the very tops, 
in contrast with the green foliage of non-inoculated branch and 
control bush. The second inoculated bush gave the same positive 
results, though the symptoms were less pronounced. 
• On October 11, '22 dropsy was observed in four of the inoculated 
branches, this phenomenon not being detected in the untreated 
and control branches. Two of these branches belonging to different 
bushes, were examined: 
a. showing oedema on one side over a distance of 10 cm., in 
the middle of the diseased spot some buds had died off. 
b, showing oedema at the lower side of three one-year-old 
lateral branches, which were almost defoliated. The topmost of 
these branches was about 13 cm. above the point of inoculation. 
The microscope revealed the presence of mycelium in the ves-
sels of the yellow wood adjoining the abnormal cortex. Both from 
ifhe wood of branch a and from that of one of the branches b Ver-
ticillium was obtained after two days. 
In the description of Verticillium-wilt ("Trombose") of currant 
and gooseberry Aderhold (1907) also mentions the phenomenon 
of dropsy. This author succeeded in producing oedema artificially 
in pieces of currant branches put in water, by inoculating the cut 
-surface with Verticillium. 
' § 3. LILAC. 
In the first half of July of the year 1922 some lilacs [Syringa 
vulgaris L.) 'in the garden of the Institute of Plant Diseases on 
the "Wageningsche Berg" showed morbid phenomena which 
closely resembled the outward effects of Verticilliosis. The rough 
diagnosis proved to be correct: within four days Verticillium was 
isolated from the wood of a few diseased branches. 
In the course of the summer new victims fell a prey to the 
disease, both among the seedlings and the budded shrubs, among 
the white and the blue lilacs.Very striking was the one-sided affec-r 
tion of shrub, branch, and leaf, characteristic the light green disco-
*) Author here expresses her cordial thanks to the Inspector of the Phyto-
pathological Service, for his kindness in supplying her with some currant-
bushes. 
2 
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louration of the leaves, beginning at the periphery and accompa-
nied with loss of turgor and glossiness (Dutch name of the disease 
"melkglans" (melk = milk, glans = glossiness). The affected 
leaf parts of some blue lilacs later assumed a purple hue. The 
limp, pale green laminae sometimes drooped with bent stalks. 
Characteristic was also the premature dropping of the affected 
leaves, advancing like the process of discolouration from the bases 
towards the tops of the branches. As a rule the leaves at the tops, 
often with quite shrivelled margins overgrown with Dematiaceae, 
remained hanging on the plant for a long time. 
The lilac of PL III, fig. 26 was almost quite defoliated Aug. 5, 
1922, only two of the branches bearing a few wilted leaves at their 
tops. Round the stem a number of suckers had developed. On 
Aug. 16, '22 this lilac was unearthed. No trace of wood discolour-
ing was observed in the one-year-old shoots, ± 50 cm. long. 
Cross-sections of stem and branches showed that often for some 
distance below the frequent scars of cut-off branches wood and 
cortex were of a greyish brown, the annual rings being narrow. 
It was obvious that these locally mortified parts were to be con-
sidered as quite independent of the Verticilliosis: accordingly 
only secondary fungi were isolated from the greyish brown wood. 
The wood formed in 1922 was somewhat browned, but the differ-
ence of colour with the evidently healthy wood was very small 
after all. Verticillium was obtained from stalk, midrib, lateral 
ribs, and veins of diseased leaves, from the wood of one-year-old 
shoots, of more than one-year-old branches, and of the trunk. The 
fungus chiefly appeared from the spring wood vessels of annual 
ring 1922, sometimes (in the trunk and in one of the branches) 
also from the vessels formed in the beginning of 1921. In accord-
ance with these observations mycelium could be demonstrated 
by the miscroscope only in the very youngest annual ring. The 
wood vessel walls were light yellow, sometimes a drop or a 
larger quantity of gum was found within the vessels. Besides 
conidiophores and conidia partly germinated were detected within 
the cavity of a vessel. 
The lilacs most of which had been planted in 1921, were 
probably naturally infected on the ground in question in 1921 
and 1922. 
In Jan. 1923 many of the bushes marked as diseased distin-
guished themselves from the not labelled ones by their thinner 
shoots with smaller buds, sometimes dying off at the tops. 
. Inoculation experiments made on May 24, 1923 had positive 
results. A:pure culture: of Verticillium (lilac), was. inserted into 
the stems of six lilacs, the plants growing in pots with boiled soil* 
Plate III 
•*•* •*-. i_-
Fig. 1. A pure culture of Verticillium albo-atrum (cucumber) on sand + leaf-mould 
kept over the winter months and transferred May 6, 1922 to a cherry agar 
plate . Photographed May 10, 1922. X 45. 
Fig. 2. Lilacs: 
a. heal thy, 
b. natural ly infected with Verticillium Dahliae. Photographed July 26, 1922, 
Wageningen. 
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On Aug. 8, '23 three of the plants showed the symptoms of dis-
ease. Verticillium was re-isolated from two of them. 
Finally Verticillium^wilt was observed in a centre of lilac cul-
ture at Aalsmeer. In October 1922 the disease was identified in a 
couple of nurseries by the recognition of the symptoms and by 
isolation of Verticillium from the affected one-year-old shoots. 
Among nursery-men the disease appearing in the middle of July 
and often limited to definite areas, had been known for years by 
the name of "melkglans". In October a few of the diseased shrubs 
were already dead on one side. Though 'the number of affected 
shrubs was not particularly large, it is necessary to call attention 
to the Verticilliosis of lilacs, since a spread of this disease would 
certainly cause great damage. 
A nursery-man at Aalsmeer was so kind as to force some lilacs 
marked as diseased in October. On March 7, 1923 he sent to 
Wageningen a number of "forced" lilac branches from: 
a. a healthy plant, 
b. a badly diseased one, 
c. a less seriously affected one, 
d. a dead plant. 
The results of the isolations of Verticillium were negative for 
the first group, positive for the three others. 
The Verticillium-diseased branches were thin, and bore short 
clusters. Sometimes they had not budded or were dead. 
The diameter of the highest branch internode was for: 
3 branches of à: 0,4—0,45 cm. 
10 „ „ b: average 0,33 cm. 
8 ,, ,, c: „ 0,33 .cm. 
The flower clusters stand as a rule in couples at the top of the 
branches. A comparison of the length of the clusters yielded: 
3 branches of a : each with 2 flower-clusters of 18—20 cm. 
10 5 
2 
1 
2 
5 
1 
1 
»1 
I f 
t l 
f f 
11 
f f 
t» 
2 
1 
3 
4 
2 
1 
3 
t f 
f f 
t f 
f f 
f t 
f f 
t l 
f f 
f f 
f f 
! f 
I f 
I f 
t f 
f f 
f t 
f f 
f t 
t f 
f f 
f t 
average 
average 
»f 
f t 
i f 
t f 
13 and 
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14 cm, 
13 cm. 
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1 not budded. 
In the literature author has not come across a description of the 
Verticillium-wilt of lilacs; in the "Versl. en Medft'lantenziektenk. 
Dienst Wageningen" (1922) mention is made of a disease of lilacs 
at Naarden, which according to the report somewhat reminds of 
the wilt-disease caused by Verticillium; the fungus, however, 
could only be isolated in a single instance. 
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CHAPTER IV. — TAXONOMY. 
After Verticillium had been cultivated from different hosts, 
author's attention was drawn to the fact that the pure cultures 
on cherry agar, which at first only consist of a hyaline mycelium, 
are distinguished from each other afterwards in their resting 
stage. They could be'divided into two groups: A. with black fila-
ments, B. with dark microsclerotia (PI. IV). The difference, could 
be seen even with the naked eye. Before subjecting the fungi to a 
closer examination, the literature dealing with the morphology of 
the organisms causing tracheo-Verticilliosis, should be consi-
dered. The species of Acrostalagmus, to which a tracheomycosis 
is attributed, should also be discussed, since Klebahn (1913) and 
Carpenter (1918) pointed out that Acrostalagmus is identical 
with the older genus of Verticillium. 
§ 1. LITERATURE. 
The first description of a Verticillium infesting the wood 
vessels of a plant, dates from 1879, when Reinke & Berthold 
brought this fungus in connection with the so-called "Kräusel-
krankheit" of potatoes. The authors call the fungus "Verticillium 
albo-atrum", and mention blackened septate hyphae, the short 
cells of which increase in breadth and become globular, so that 
the hyphae seem "torulös". When neighbouring threads become 
contiguous, black cellmasses are formed of different sizes and 
of irregular shapes; never, however, longitudinal partition walls 
are observed. In perfect agreement with this is the accompanying 
figure of a "Dauermycelium". The length of the spores varies 
between 5—12 fi, the width is ± 3 ju,. 
Van Hook (1904) describes and figures sclerotia of Acrosta-
lagmus albus (Panax quinquetolius). A hypha is divided by trans-
verse septa into short cells, these become broader and multiply, 
till "knots" of ±100^—300 fi are developed. The dimensions of 
the spores are .2—5 : 1—2 (i. 
Lawrence (1912) describes a new species: Acrostalagmus 
caulophagus for Rubus occidentalis. The description and the 
photographic reproductions of this fungus do not justify its iden-
tification whith Verticillium albo-atrum or Verticillium Dahliae 
(cf. p. 26). % 
According to Whetzel & Rosenbaum (1912) Acrostalagmus 
sp.? [Panax quinquetolius) produces "minute black sclerotica! 
masses", the accompanying drawing shows clearly the multiplied 
cells (cf. Van Hook: 1904). 
Plate IV 
i fc- <r' "' 
Fig. 1. V'erticillium albo-atrum (potato) on cherry 
agar, 10 days old: filamentous black resting 
mycelium. X 7. 
aL-^^l^tW-
Fig. 2. Verticillium Dahliae (dahlia) on Fig. 3. Verticillium Dahliae (potato) on cherry 
cherry agar, 10 days old: micro- agar, 10 days old: microsclerotia. X 9. 
sclerotia. X 9. 
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Klebahn; (1913) considers the Vertiçillium cultivated.; from 
dahlia as a; new. species' V. Dahliae, as it differs in some respects, 
from Vertiçillium albo-atrum (potato)- The latter forms larger 
conidiophores, which show a tendency to darken at the bases. 
The easy and rich formation of sclerotia in the cultures of Verti~ 
allium Dahliae contrasts with the blackened little ramified 
hyphae of Vertiçillium albo-atrum. The spores of Vertiçillium 
albo-atrum in pure culture on potato stems are 4—6 : 1,5-^-2,5, ft-
Wollenweber (1913a), evidently making no difference between 
the two types of Vertifeillium, describes! the occurrence of "gefäsz-
parasitäre Welkekrankheiten" for Solanum tuberosum, Solanum 
melongena, and Hibiscus esculentus after inoculation with Verti-
çillium albo-atrum (Reink. u. Berth.) isolated from these plants, 
whereas two pages further he speaks of "begrenzte schwarze 
sklerotiale Myzelunterlagen" of the fungus. 
Rankin (1914) mentions a copious production of sclerotia for 
Acrostalagmus in the tracheae and tracheids of diseased maples. 
According to Pethybridge (1916a) the blackening of Verticil-
Hum albo-atrum (potato) is only due to the blackening of the 
mycelium. 
Carpenter (1918) identifies Vertiçillium isolated from okra, 
potato, eggplant, Gossypium, Antirrhinum with Vertiçillium albo-
atrum Reinke und Berthold, notwithstanding the formation of 
sclerotia is described and figured. The dimensions of the conidia 
are 4—11 : 1,7—4,2> 
Jagger and Stewart (1918) keep the two groups apart: three-
month-old cultures of Vertiçillium (eggplant), V. (maple), and 
V. (barberry) on potato- and oat agar form a thin weft of aerial 
mycelium and more ór less isolated black specks, whereas the 
Vertiçillium isolated from diseased potatoes grown in western 
Canada on the same culture media develops black, septate, more 
or less swollen hyphae, such as Klebahn described for Verticil-
Hum albo-atrum R. & B. The authors also detect sclerotia in 
Vertiçillium (Tragopogon porrifolius). From different Solanaceae 
(also potato) planted in a field.severely infested with Vertiçillium 
(eggplant) the fungus characteristic of "eggplants" was isolated. 
This proves that potato can be a host for Vertiçillium of both 
types. 
Zimm (1918) likewise points out a difference between cultures 
of Verticillivunj : Vertiçillium (eggplant) and V. (Berberis) are 
closely related, with,, the sclerotia-forming Vertiçillium (Acer), 
whereas these three are entirely,different from Vertiçillium albo-
atrum (potato). -..••;-.. 
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Edson and Shapovalov (1920) detect the presence of numerous 
small sclerotia in the culture of Verticillium (eggplant), which 
were 'practically absent in that of Verticillium (potato). 
Bewley (1922) distinguishes six groups of Verticillium albo-
atrum (tomato) with 0, 10, 30, 50, 70, and 100 % microsclerotia. 
After inoculation the first group produced the typical wilting 
phenomena of tomatoes slowly, the last group very rapidly. 
Wollenweber (1922) mentioning the infection by Verticillium 
albo-atrum for Physalis Alkekengi and Capsicum frutescens, 
gives a new variety with smaller conidia "Verticillium angustum" 
for diseased lupine. 
According to Czarnecki (1923) the fungus of the blackheart 
disease of apricot belongs to the genus of Verticillium, and is pro-
bably a new species. The description and drawing point to Ver-
ticillium Dahliae. 
'Westerdijk & Van Luyk (1924) mention black stromata for 
Verticillium albo-atrum (Rhus Cotinus, Rh. glabra, Rh. typhina). 
In the following cases there is no further description of the 
fungus: 
Westerdijk (1917) considers it probable that Verticillium (Beta 
vulgaris) is identical with Verticillium albo-atrum (potato). 
Lindfors (1917) calls the fungus isolated from cucumber Ver-
ticillium albo-atrum (R. & Berth.). 
According to Van der Lek (19186), cucumber, melon, and 
tomato are attacked by Verticillium albo-atrum, the Verticillium 
cultivated from affected cherry trees in 1915 presenting a close 
resemblance to Verticillium albo-atrum (potato). 
Haenseler (1922) does not perceive any morphological or cul-
tural differences when comparing Verticillium (peach) with Ver-
ticillium Albo-atrum from okra and from eggplants. Probably he 
means in this case the Verticillium albo-atrum with sclerotia 
described by Carpenter. 
Haenseler (1923) calls Verticillium albo-atrum the cause of 
wilting in eggplants. 
According to Pötschke (1923) Verticillium (horse radish) 
presents small differences with Verticillium albo-atrum (potato). 
Weimer (1923) mentions Verticillium albo-atrum for Aralia 
cordata and calls the fungus morphologically identical with Ver-
ticillium (eggplant). 
It appears from the literature that Verticillium of type A was 
only isolated from some hosts: potato, Rhus-species and probably 
beet, cucumber, melon, tomato, and cherry, whereas in most cases 
type B occurred. Potato and tomato were mentioned as hosts for 
both fungi-groups. 
23 
It is much more difficult to compare the dimensions of the 
spores, as Chaudhuri (1923) found that the conidia of Verticillium 
(tomato) varied with difference of medium. 
Edson and Shapovalov (1920) showed that Verticillium (egg-
plant) of more southern origin than Verticillium (potato), could 
adapt itself better to higher temperatures: it showed a distinct 
growth even at 30° C, whereas Verticillium (potato) did not 
develop above 30° C. Verticillium (eggplant) was of type B, Ver-
ticillium (potato) had no sclerotia.. 
According to Potschke (1923) Verticillium (horse radish) has 
a minimum temperature for growth of 5—10° C, an optimum of 
28° C. and a maximum of 33—37° C. 
§ 2. AUTHOR'S OBSERVATIONS. 
The most striking difference between the two types of Verti-
cillium isolated from different hosts consisted in the formation of 
resting mycelium. 
The black discolouring of type A is caused by more or less 
dark, somewhat swollen hyphae, changed into a series of linked 
cells through transverse septa (Fig. 1). A number of these threads 
lying side by side may form black masses, as has been described 
by Reinke & Berthold for Verticillium albo-atrum. 
The very young resting stage of type B consists also of a row 
of spherical dark cells, but soon a number of lateral cells are 
developed. (Fig. 2 and 3). These multiplied cells gradually form, 
in a single thread, a black microsclerotium of ± 80 :40 fi. 
Such microsclerotia are described by Van Hook (1904) for 
Acrostalagmus albus and by Klebahn (1913) for Verticillium 
Dahliae. 
Though less striking, a few more points of difference between 
the two types may be pointed out: 
1. the rate of development after germination of the spores, 
2. the ramification of the conidiophores, 
3. the mode of growth of the fungus in pure cultures, 
4. the size of the spores. 
Differences 1 and 2 were demonstrated by the following pure 
cultures: 
Verticillium (potato), 
„ (tomato), 
. , „ (cucumber), 
y P e J „ (cherry variety "Eijsdensche Kers": 
Eist I), 
,, (cherry variety "Meikers": K), 
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Fig. 1. — Verticillium albo-atrum (potato), 9 days old: filamentous 
resting mycelium. X 700. 
Fig. 2. — Verticillium Dahlias (dahlia), 6 days old: earliest stage 
of a microsclerotium. X 700. 
Fig. 3, — Verticillium Dahliae.(potato), 6. days old: earliest stage 
of a microsclerotium. X 700. 
25 
Verticillium (Aconitum Napellus), 
„ (Lupinus polyphyllus), 
type B { „ (Phlox decussata), 
„ (Prunus Mahaleb), 
„ (potato). 
On Dec. 1, 1921 spiore-suspensions of these ten pure cultures 
were made in about the same concentration. With the loop of a 
platinum needle about 30 spores were placed on cover glasses 
with cherry agar. The prepared drop cultures were incubated at 
± 20° C. Already on the next day germination of the spores was 
to be perceived in all cases except in Verticillium (Prunus 
Mahaleb), the conidia of which were still in swollen condition. In 
group A none of the germtubes, or only a few of them had rami-
fied, whereas this ramification occurred much more frequently in 
group B. On Dec. 5 the difference in rapidity of development was 
perceived by the formation of conidiophores : except in Verticil-
lium ("Meikers") none or only few conidiophores with spheres of 
conidia occurred in group A, whereas they were pretty numerous 
in group B. In perfect harmony with this was the behaviour of the 
cherry agar separation cultures of the said fungi, prepared on 
Dec. 1, '21. After four days the cultures of type A showed no 
colonies, or very small ones, just appearing above the agar, those 
of type B showed well developed colonies with aerial mycelium. 
On Dec. 9 the conidiophores of four of the Verticillium drop 
cultures A showed a secondary ramification, whereas this was 
hardly the case with four of the fungi of type B. 
Point 3 and 4 have been studied in the following Verticillium 
cultures: 
Verticillium (potato), 
„ (cucumber), 
t
 A i .. (tomato), 
y p
 ] „ (cherry variety "Eijsdensche kers": 
Eist I), 
„ (cherry variety "Meikers": VIII 12), 
,, (dahlia), 
„ (Eschscholzia californica), 
type B { ,, (Phlox decussata), 
„ (potato), 
(lilac). 
On Jan. 2, 1923 ten cherry agar separation cultures were made. 
After four days the developed colonies were transferred to 
twenty tubes with potato stem, to ten tubes with wort gelatine, 
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and on Jan. 8 to ten tubes with cornmeal agar. The dish with 
Verticillium [Phlox decussata) had soon to be removed on account 
of contamination, so that this culture on cornmeal agar is wanting. 
The fungi on potato stem and cornmeal agar were incubated at 
± 20° C, those on wort gelatine exposed to room-temperature. 
About Jan. 11a difference in growth could be detected between 
the two types of fungi on wort gelatine and on cornmeal agar, less 
clearly on potato stem. The aerial mycelium of type A made a 
coarser impression as the hyphae showed a tendency to join to 
bundles; of type B, on the other hand, the mycelium formed a 
fine weft. It was also observed that on the whole the blackening 
appeared somewhat sooner in group B. Among the older cultures 
type B may be recognized by its looser aerial mycelium. 
Of each of the ten pure cultures on potato stem 200 spores were 
measured, viz. from Jan. 15—19, every day 40 of each. Table IV 
and Fig. 4 representing the results, show that the size of the spores 
is different for the two types of Verticillium. The average dimen-
sions of the conidia were for group A 5,46 : 2,66 n and for B 4,7: 
2,31 n\ the most prevalent length for group A was 5,6 fi and 
for B 4,2 n\ the most prevalent breadth for A 2,8 p and for 
B 2,1 A»-
The conclusion may be drawn that the two types of Verticillium 
belong to two different species, 
A. being Verticillium albo-atrum Rke & Berth., 
B. Verticillium Dahliae Kleb. 
Verticillium albo-atrum was isolated from: 
cucumber, 
cherry (var. "Meikers", "Bieskers", "Eijsdensche kers", "Spaan-
sche kers"), 
iomato (var. "Ailsy Graig"), 
potato (var. "Schotsche Muis", "Kerr's Pink", "Bintje", "Ehno-
la", "Abundance", "Geeltjes", "Blauwpitten", "Fontein", 
"Lembke's Industrie", "Excelsior", "Koksiaan", "Andij-
ker Muizen", "Schoolmeester", "Deodora", "Triumph", 
"Lena", "Malta", "Lieuwe", "Parnassia"). 
Verticillium Dahliae was isolated from: 
nineteen ornamental plants and six weeds from the sandy soil on 
or near the "Wageningsche Berg" (p. 14), 
red currant, black currant and gooseberry (p. 14), 
lilac from "Wageningsche Berg" and Aalsmeer (p. 17), 
Prunus Mahaleb and the cherry-variety "Hedelfinger Riesen" on 
light soil near Breda (p. 15 and 58); 
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morellq from "Wageningsche Berg" and from the /sandy soil near 
Maasbracht (p. 14 and 59), 
sugar beet on light soil at Naarden, 
melon cultivated in the "Westland", 
tomato (var. "Ailsy Graig", "Tuckwood"), 
potato (var. "Paul Kruger", "Blauwe Eigenheimer", "Zeeuwsche 
Blauwe", "Roode Star", "Bravo", "Thorbecke", "Eigen-
heimer") . 
Hence it follows that both Verticillium-species were found in 
tomato and potato. 
CHAPTER V. — VERTICILLIOSIS OF CHERRY TREES. 
§ 1. LITERATURE. 
In literature only the fact is mentioned that Verticillium albo-
atrum can be present in the wood of diseased cherry trees, the 
fungus appearing to be pathogenic to potatoes and cucumbers 
(Van der Lek: 19186). 
§ 2. AUTHOR'S OBSERVATIONS. ~ 
What economic importance has the disease in our cherry 
orchards, what are the external and internal symptoms of disease, 
and what is the cause of the infection? It is chiefly for the purpose 
of answering these questions that this study was undertaken. 
Verticillium-wilt was observed among cherries in different 
orchards in the part of the province of "Gelderland" between 
the rivers "Rijn" and "Waal", called the "Betuwe". The soil of 
this region, which is employed for agriculture and fruit-farming 
consists of a fertile clay. For 5—6, sometimes 7—10 years the 
trees are intercropped chiefly with potatoes and beets alternating 
every year in the same fields, or occasionally with cabbage, kidney 
beans (PhaseoluS vulgaris L.), horse beans, peas. After this period 
the arable land is transformed into pasture land, for which pur-
pose sometimes grass seed is sown between the peas and horse 
beans. Also currants and gooseberries may be present as under-
growth. Cereals are rarely grown under the trees, since experience 
teaches that the cherries do not thrive so well when cereals are 
cultivated on the same ground. Amongst the potato-varieties 
"Eigenheimer",. "Roode Star", and "Bravo" are very popular. 
From the data furnished by fruit-farmers, which together with 
a few personal observations have been collected in Table V, it 
might be concluded that Verticillium-wilt generally appears 
among the cherries 4—6 years after they are planted. At first only 
a few trees are attacked, then the disease assumes a rather serious 
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TABLE V. - Prevalence of Verttcilltum-wilt in various orchards. 
Situation of 
the orchard 
Andelst 
Eist (Gld): A 
Eist (Gld) : B 
Heteren : A 
Heteren: B 
Ommeren 
Orchard mixed or 
not mixed 
not mixed 
cherry + apple 
cherry + apple and 
a few rows of pear 
cherry * apple 
cherry + apple 
cherry + apple 
fa " 
± 48 
± 300 
239 
225 
°.s 
1914 
1914 
1918 
or 1919 
±1914 
± 1907 
1906 
Verticillium-wilt 
appeared in the 
cherry trees: 
± 1917: first symp-
toms 
1920: ± 25 trees 
1919 \ ± 10 trees, 
f ± 7 of 
1921 ( which were ) killed 
1922: 1 tree 
1922:3 trees 
12» | * 15 trees 
± 1913: at least 
37 trees 
1915 : 15 trees 
1919 
«si 
±25»/o 
1% 
± 60/„ 
± i6o;0 
Inter-crop. 
Potatoes + beets for 
± 6 years 
Afterwards horse 
beans (Vicia Fdba 
L.), grass 
Potatoes + beets 
Since 1922: grass 
Potatoes and some 
beets 
Potatoes t beets 
Since 1920: grass 
Potatoes + beets for 
6 years 
Afterwards grass 
Potatoes + beets 
Since 1916: grass 
TABLE VI. Isolation of Verticilltum albo-atrum from cherries and potatoes from the 
orchards mentioned In Table V. 
Situation of the 
orchard No. of trees Cherry-variety 
Isolation of Verti-
cillium from the 
cherry trees 
Isolation of Verticil-
lium from the potatoes 
growing under the 
cherries 
Andelst 
Eist (Cid): A 
Eist (Gld): B 
Heteren: A 
Ommeren -
O VIII 9 
O X 6 
O XII 12 
O XII 5 
Eist I 
Eist II 
P I 
P II 
P III 
C 
F = VIII 10 
K = VIII 11 
VIII 12 
"Bieskers" 
"Spaansche kers" 
"Meikers" 
"Eysdensche kers" 
"Meikers" 
June "21 
June "21 
Oct. >21 
Aug. '22 
Aug. '21 
Aug. '22 
Aug. '22 
Aug. '22 
Sept. '22 
March "20 
June '20 
Sept. '20 
May '22 
Aug. '22 
Potato (groundkeeper) 
•'Roode Star" 
"Bravo" 
character, and finally it becomes almost stationary. The victims 
are removed, and usually replaced by pears, sometimes by plums. 
According to some proprietors of orchards the trouble disappears 
when grass is grown under the trees. 
In orchard A at Heteren it drew the attention that three cherry 
trees (variety "Meikers ") standing in the same row side by side 
(VIII 10, VIII 11, and VIII 12: Table VI) were attacked (occur-
rence in definite areas). 
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•--,.:, External Symptoms,. 
As appears from Table VI different varieties of cherry viz. 
"Bieskers", "Spaansche kers", "Meikers", "Eijsdensche kers", 
may, be hosts to Verticillium; no difference can be detected in the 
phenomena developed. » 
The disease begins to show in July or August in trees that had 
been perfectly healthy so far. -Suddenly a great number of leaves 
at the bases of some or all the branches turn yellow. Very often 
the affection is one-sided. The discolouration spreads further and 
further, it can reach the lower ends of the one-year-old shoots. 
The leaves of these twigs sometimes show red-violet and brown 
edges and spots between the ribs, often shrivelling up altogether 
with rolled-up margins. The affected cherry trees with their 
golden foliage, may be distinguished from far between their green 
neighbours. The yellow leaves droop, and soon fall off. The 
affected branches begin to shed their leaves at the bases, while 
the leaves at the tips remain on the tree for a longer time, some» 
times quite withered. A smaller or greater number of the diseased 
branches may die, the process of decay always starting at the 
tops. Exudation of gum is not a constant symptom of the disease. 
On Plates V and VI two cherry trees ("Meikers") are figured 
demonstrating the first symptoms of Verticillium-wilt. 
According to growers the disease can destroy entire trees 
within 1—3 years. The affected trees may, however, survive. The 
years after the first stage of the Verticillium disease the affected 
branches have a somewhat sickly, languishing appearance by 
their scanty foliage, absent at the bases, by their less vigorous 
growth, and by the presence of dead twigs. 
PI. VII gives an example of the second stage of the disease: 
a "Spaansche kers" at Andelst (0X6) according to the grower 
attacked by the disease in 1920, was photographed on Sept. 27, 
'21. In May 1922 the tree was in full blossom, and at the end of 
September of that year no change in its condition could be 
perceived. 
Besides this there was found on Sept. 27, '21 in the same orchard 
a "Meikers" (0 XII 12) which was affected by the disease on one 
side. Its four branches at the east side were quite dead, the others 
bore few leaves and had produced a very small new growth, 
while one sucker had developed at the top of the trunk, and four 
at the base (PL VIII, fig. 1). For comparison may serve the dense 
foliage of a thriving cherry tree from this orchard, which was 
photographed on the same day (PI. VIII, fig. 2). 
In the orchard at Ommeren, where fifteen cherries suffered 
from Verticilliosis in 1915 (Table V), and which was drained in 
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1916, no trees died. In 1922 the affected trees were, however, 
recognizable by the more or less one-sided symptoms of the later 
stage of the disease. 
The growers often remove the sickly, dying branches. "Mei-
kers" (F) at Heteren, a "Meikers" and an "Eijsdensche kers" at 
Eist (A), which had been treated in this way, looked flourishing 
in 1922, as the remaining branches had produced a pretty long 
new growth. Growers say that such trees outgrow the disease. 
Internal Symptoms. 
Branches. 
If a branch of a diseased tree is sawn just above the place where 
it is attached to the trunk, and the basal section is smoothed with 
chisel or knife, the following figure is generally seen: in the centre 
a brown spot, often developed more strongly on one side, with a 
frayed edge, the wedge-shaped radial projections of which usually 
reach the border between two annual rings, which bears many 
brown stipples, Instead of the central spot sometimes concentric 
brown rings, arcs or series of stipples are found. The brown 
stipples along the border between two annual rings lie entirely or 
for the greater part in the spring wood. 
On cross-sectioning a branch at different heights beginning at 
the base, the central brown spot becomes smaller and smaller and 
disappears ±2—4 dm. above the base, whereas brown stipples in 
the spring wood of annual rings of the same age can be traced 
from the older into the younger parts, sometimes as far as In the 
two-year-old shoots. 
The course of the discolouration of the wood of a diseased 
branch is figured on PI. IX, fig. 1, the representation of 4 succes-
sive cross-sections of branch VII of "Meikers" K from Heteren 
(cf. Table VII) : 
1. At the base: brown spot extending into annual ring 1919, 
and brown stipples in the wood of 1920; 
2. ± 30 cm. higher: half brown spot and brown stipples in the 
spring wood of 1919 and 1920. , 
3. 20 cm. higher: bifurcation into 2 four-year-old branches: 
3 a. concentric rows of stipples in the spring wood of 1919 
and 1920. 
3 6. Brown ring in the wood of 1919 and some brown stipples 
in that of 1920. 
4. 75 cm, above 3a and 36: branching into 3 three-year-old 
twigs, two of which are figured. 
4 d. Half brown ring in the wood of 1919. 
4 6. Brown ring in the wood of 1919. 
Plate V 
A cherry t ree ("Meikers" K) at Heteren showing the first symptoms 
of Verticillium-wilt. Photographed Aug. 24, 1920. 
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Plate VII 
A cherry tree ( Spaansche kers" O X 6) at Andelst showing the symptoms 
ot Verticillium disease one year after infection. The bases of the branches 
were leafless, the tops bearing green leaves. New growth in 1921 very poor. 
Photographed Sept. 27, 1921. 
> 
- M 
J3 
CU 
cd 
1-4 
«o 
O 
-M 
O 
0-
e 
< 
o 
>. . 
«ON 
O 
CÖ r v 
0) o 
ffitZ) 
CÖ 
* - H 
l—1 
X 
o 
'm 
** V 
-tf 
s 
o> 
>* 
Û) 
J3 
u 
1 
> 
bl-t 
en 
o 
c 
o 
•4-» 
o 
e 
0> 
4 - t 
O. co 
fci 
CU 
J3 
£ 
O 
«1 
- f -» 
•o 
c 
« 
* - i 
•an 
PH 
»* 
CM 
* - t 
CÖ C~ 
O O ) 
c 
o 
co 
CD 
V 
"O 
S 
3 
«"^  
CJ 
a 
t / j 
T 3 
.n 
CS 
•oo 
o 
CL, 
Plate IX 
Fig. 1. Cross-sections of naturally infected cherry branch ("Meikers" K from 
Heteren), Photographed March 9, 1921. 
Fig. 2. Cross-sections of naturally infected cherry trunk ("Meikers" K from 
Heteren). 
a. at the base, 
b. at the top. 
Photographed May 1921. 
Plate X 
Fig. 1. Cross-sections of naturally infected cherry trunk ("Meikers" P II 
from Eist). 
1. ± at the base. 
2. ± 10 cm. higher. 
3. + 10 cm. 
4. ± 15 cm. 
5. ± 40 cm. 
6. ± 40 cm. 
7. ± 55 cm. „ (at the top). 
Photographed Oct. 26, 1922. 
Fig. 2. Cross-sections through the underground part of the same trunk as 
in Fig. 1. 
a. ± at the base. 
b. ± 4 cm. under a. 
c. ± 3 cm. under b. 
Photographed Oct. 28, 1922. 
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Cross-sections made above A a in the two-year-old shoot still 
showed some discolouring of the wood in annual ring 1919: at the 
base some brown stipples, 10 cm. higher two, again 10 cm. higher 
one and, still 10 cm. further not a single brown stipple could be 
observed. Sections made nearer to the top of 4 b taught that the 
discolouring of annual ring 1919 was no longer to be distinguished 
20 cm. above the base of the two-year-old shoot. 
Trunk. 
From the study of two unearthed wilting cherries ("Meikers" 
K at Heteren and P II at Eist) and from some boring experiments 
it could be ascertained that the trunk of diseased trees contains 
a broad, brown wood cylinder, surrounded by a narrow unco-
loured border, or partly reaching the cambium. (PL IX, fig. 2). 
On PI. X, fig. 1 the cross-sections made at different heights of 
the trunk of "Meikers" P II are reproduced. The typical charac-
ter of the wood discolouring already described for the branches: 
brown spot with frayed edge and brown stipples on the border 
between two annual rings, is clearly found back in the trunk, 
especially in its basal cross-section. About halfway the trunk the 
figure becomes compacter: the successive cross-sections present 
definite indentations in the same direction; these become smaller 
and smaller and are gradually lost, the spot being slightly crena-
ted and dark brown. In the apical cross-section, on the other 
hand, the figure becomes more pronounced, the radial stripes and 
brown stipples appear again. Besides the various cut surfaces 
show that the wood discolouring is darkest about halfway the' 
trunk, and that the interior annual rings are coloured light brown 
throughout the whole length of the trunk. The uninterrupted inter-
nal light brown wood cylinder is the heartwood, quite different 
from the pathological discolouring of Verticilliosis. 
By means of the Pressler increment borer*) several cherry 
wood samples were obtained from the interior of the trunk: 
On Sept. 27, 1921 the affected "Spaansche kers" O X 6 at 
Andelst contained browned wood extending into annual ring 
1921 at the base, halfway, and at the top of the trunk along the 
north-west side. 
Three borings at the base, halfway, and at the top of the 
diseased "Meikers" O XII 12 at Andelst yielded the same results: 
the browning extending into annual ring 1921. 
"Meikers" VIII 12 at Heteren was bored at three places along 
the south-west side on Sept. 21, 1921: at the top and halfway 
*) Author hereby expresses her indebtedness to the Forestry Section at 
Wageningen for the loan of the said instrument. 
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browned wood extended into annual ring 1919, at the bottom into 
that of 1920. 
On Sept. 21, 1921 the brown wood-cylinder of "Meikers" F at 
Heteren extended into annual ring 1919 at the base, halfway and 
at the top on the south-west side, and at the base on the north 
side. Some affected branches of this tree had been sawn off on 
the north side, the others being in a fairly good condition. 
Boring experiments on two healthy cherry trees from the last-
mentioned orchard carried out on Sept. 21, 1921, taught that in 
this case only the oldest annual rings were browned (heart-wood), 
and that the outer 5—6-year-old layer of the wood was in a nor-
mal condition. 
Roots. 
These were studied on the two unearthed cherry trees ("Mei-
kers" K and P II). The cross-sections of cherry P II (PI. X, fig. 2) 
lying resp. 4 and 7 cm. under the base of the trunk show, how 
rapidly thé browning decreases towards the roots; on the cut 
surface c browning is still seen in the annual rings 1920 and 1921, 
slightly in that of 1922. A similar course of the wood discolour-
ation is observed in the longitudinal section of the root-system of 
"Meikers" K (PI. XI, fig. 1). 
The roots exhibit the interior symptoms in the same way as 
has been stated for the branches: sometimes at the base a brown 
spot, and nearer to the growing point concentric brown arcs and 
rings or circular rows of stipples (PL XI, fig. 2) can be observed. 
Though the external symptoms may characterize the Verticil-
lium disease in general, an investigation of the interior of the 
trees is peremptorily required for establishing a correct diagnosis. 
The external phenomena of drought, and sometimes also those 
of aphid attack may lead the observer astray. 
On August 18, 1921 more than a third of the cherries in the 
orchard at Heteren (A) were yellowing or sometimes partly 
defoliated. The trees stood in a strip of land running through the 
centre of the orchard. In most cases the phenomena were to be 
observed on the south or the south-west side of the trees. The 
premature discolouring showed itself most feebly at the periphery 
of the strip in question, and increased more and more in intensity 
towards the centre of it. The appearance of the apple trees plant-
ed between the cherries bore witness of their suffering from the 
same evil. From four cherries a branch was sawn off, the wood 
appeared to be perfectly normal. Boring experiments made on 
Sept. 21, 1921 taught that only some of the interior annual rings 
of the trunks were discoloured (heart-wood). 
Plate XI 
Fig. 1. Longitudinal section through the basal part of the 
root-system of a naturally infected cherry tree ("Mei-
kers" K from Heteren). Photographed May, 1921. 
Fig. 2. Cross-sections of naturally infected cherry root ("Meikers" K 
from Heteren), situated on the south-east side of the trunk. 
a. at the base. 
b. 15 cm. higher. 
c. four lateral roots. 
Photographed May 12, 1921. 
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Probably the above phenomena must be attributed to the great 
drought, by which the year 1921 was characterized. In 1922 the 
whole orchard again bore a normal character. 
Isolation of Verticillium albo-atrum Rke & Berth. 
Methods. 
After the browning of the wood of the cross-sections of branches, 
trunk, or roots had been studied and had partly been reproduced 
in drawings, definite numbered wood blocks 15—20 cm. high were 
examined for the presence or absence of Verticillium. The pieces 
of branches and roots with small diameter were only decorticated. 
The blocks from thicker branches, roots and trunk were obtained 
by drawing numbered rectangles on the cross-sections and their 
reproductions, and taking these rectangles as the^groundplanes of 
the wood prisms. 
All the planes of the various columns and prisms were 
smoothed as much as possible. After cleaning with soap and 
water, disinfection took place in mercuric chloride 2°/oo for 
V2 — 1 minute. Then they were rinsed in water, sometimes dried 
in flamed filter paper, and divided into discs with a sterile chisel 
on a flamed cardboard mounted on wood. Finally the segments 
were placed in one or two Petri dishes with cherry or prune agar. 
All the dishes were incubated at i 20° C. 
Presence of Verticillium in the Browned Wood. 
A distinct growth of Verticillium from diseased wood discs on 
cherry agar plates was usually observed after 4—6 days (Fig. 5 a 
and b). At the very first appearance of the hyphae it was some-
times possible to trace, from which annual ring they developed; 
many cases, however, were doubtful. In course of time the hyaline 
mycelium turned black by formation of the filamentous resting-
stage, characteristic of Verticillium albo-atrum Rke & Berth. 
In general Verticillium grew luxuriantly from the wood vessels 
of the brown rings and series of stipples seen on cross-sections 
of branches and roots. Verticillium was even still isolated from 
the somewhat discoloured wood of two-year-old shoots. Further 
the vessels at the border of the brown spot of the cross-section of 
trunk, and of branch-and root-basis appeared to harbour Verticil-
lium. The isolation of this fungus had a negative result in pieces 
of normal wood and in those of exclusively brown wood. Fig. 6 
and 7 show from which places of the trunk Verticillium was 
cultivated. Sometimes secondary fungi grew out from the perfectly 
browned wood, especially where it reached the cambium. 
It is a very frequent custom with fruit-farmers to slit longitu-
dinally the bark of the trees that do not grow very well, or which 
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exude gum. In doing so the branches are sometimes slit too. On 
the cross-section of a branch of "Meikers" O XII 12 treated in 
this way a secondary fungus occurred in the brown strip of wood 
lying between the cortex wound and the brown Verticilliosis spot. 
Fig. 5 a. — Verticillium albo-atrum growing from wood-discs of naturally 
infected cherry branch ("Meikers F fromHeteren"). The portions 
of the woody tissue were transferred June 4, 1920 under 
aseptic conditions to prune agar in a Petri dish. Photo-
graphed June 10, 1920. 
Fig. 5b. — Aerial, verticillately branched conidiophores of Verticillium 
albo-atrum growing out from the wood vessels of the same 
cherry branch as in Fig. 5 a. Photographed June 9, 1920. X 40. 
As was to be expected the cortical incisions form a source of 
infection for various fungi. Though the growers consider this 
operation as salutary, the author is sceptical about its efficacious-
ness, and is of opinion that it had better be omitted. 
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Study of "Meikers" K from Heteren. 
June 17, 1920: normal appearance; gum exuded from the 
cortex incisions along the trunk. 
Aug. 24, 1920: first symptoms of Verticillium-wilt (PI. V). 
Several branches were successively sawn off (cf. Table VII). 
April 16, 1921: the only remaining branch bore some leaves 
and a few blossoms. 
May 9, 1921: the tree was unearthed and transported to Wage-
ningen, the southside being marked on the trunk. 
May 9, 1921: the cross-sections of the ± 1,8 m. high trunk 
presented the typical pathological browning of the wood pre-
viously described (p. 33). The discolouring extended into annual 
ring 1920, reaching to the cambium on the southside of more than 
the upper half (PI. IX, fig. 2). Where the cross-section was inter-
sected by a cortex incision reaching the wood, a broad wedge-
shaped dark-brown spot penetrated into the already discoloured 
trunk. At the top the wood was browned to the cambium along 
more than half, 60 cm. lower along ± half, and again 60 cm. 
lower along â fourth of the circumference, but on the basal cross-
section a small border of uncoloured wood surrounded the cen-
tral spot entirely. 
May 11, 1921 wood blocks of apical and basal parts of the 
trunk were examined for the presence or absence of Verticillium. 
For details and results cf. Fig 6a and b. 
Study of the branches and roots cf. Tables VII and VIII. 
Browning and Verticillium albo-atrum in annual ring 1919 
extended into the shoots of 1919. 
Study of "Meikers" P II from Eist. 
Aug. 22, 1922: first stage of the Verticillium disease. The 
western branches bore yellow leaves at their bases, while at one-
year-old shoots leaf-blades with curled-up sear edges were 
observed. The tree had already shed a number of its leaves. 
Sept. 15, 1922: the branches on the south-west were quite 
defoliated or had only green leaves at their tops. 
Oct. 24, 1922 the wilting tree and a healthy "Meikers" of the 
same orchard were photographed (PI. VI). After the south side 
of the trunk and branches had been marked with a blue line, the 
diseased tree was unearthed and transported to Wageningen. 
Oct. 25, 1922 different cross-sections were made of the trunk 
(1,8 m. high). Browning reached in all of them into annual ring 
1922 (PL X). 
Oct. 27, 1922 some wood blocks from half-way up the trunk 
were examined for the presence or absence of Verticillium. 
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TABLE VIII. — Examination of the roots of "Meikers" K from Heteren, May 11,1921. 
No. 
of 
root 
' 
2 
3 
4 
5 
6 
7 
S 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
Situation of the 
bases of the roots 
south 
s. e. 
east 
n. e. 
north 
west 
n. w. 
s. w. 
south 
south, 15 cm. 
deeper than l 
north, 15 cm. 
deeper than 10 
± vertical 
± vertical 
north, near 18 
near 20 
Discolouring of the cross-sections 
30 cm. above base : here and there 
a br. stipple 
At the base: br. eccentric area (cf. 
PI. XI, fig. 2) 
15 cm. higher: furcation into four 
2 : 10 cm. above furcation : half a 
br. ring 
3 : 10 cm. above furcation : 2 br. 
rings 
4 : 15 cm. above furcation : some br. 
rings 
5 : 10 cm. above furcation : some 
br. spots 
At the base : eccentric area 
30 cm. above base : ± no disco-
louring 
Furcation 20 cm. above base : 
7 : 30 cm. above furcation : some br. 
incomplete rings 
8 : some br. stipples near the pith 
9 : here and there a br. stipple 
4 cm. above base : br. area round 
the pith 
30 cm. above base : some br. stipples 
46 cm. above base : br. rinjy 
All lateral roots of 12 : br. ring 
± 20 cm. above base : 2 light br. rings 
Bifurcation 15 cm. above base : 
14 : 20 cm. above bifurcation : br. 
rings 
15 : 20 cm. above bifurcation : here 
and there a br. stipple 
Bifurcation 5 cm. above base 
16 : 20 cm. above bifurcation : br. 
ring 
17 : 20 cm. above bifurcation : br. 
ring 
± 25 cm. above base : 2 light br. 
rings 
± at the base : a br. half ring and 
br. stipples 
15 cm. higher : furcation into 4 roots : 
br. ring 
15 cm. above base : br. ring 
3 short roots (one with br. ring, the 
others : br. stipples) 
short 
Isolation of Verticillium 
atbo-atrum 
+ basal root piece (from 
the border of the area) 
- 3 
+ 4 : from the brown 
stipples 
+ 5 : from the brown 
stipples 
For details and results cf. Fig. 7. 
Browning in the trunk extended into annual ring 1922, Verti-
cillium albo-atrum grew out from the wood of 1921 and 1922. 
Oct. 30, 1921 a study was made of the branches, which were 
kept for some days in the cellar (cf. Table IX). 
Study of the roots cf. Table X. 
40 
Fig. 6a. — Cross-section of naturally infected cherry trunk ("Meikers" K 
from Heteren) ± 50 cm. under top (cortex is not drawn). The num-
bered areas indicate the ground-planes of the wood blocks 
which were used for isolation. 
Isolated from 5 : secondary fungi. 
spare growth of a secondary fungus. 
Verticillium albo-atrum. 
no fungus. 
6 
7 
8 
9 : 
Drawn May 11, 1921. lj2 nat. size. 
Fig. 6b. — Cross-section ± at the base of the same cherry trunk as in 
Fig. 6a. 
Isolated from 1 : Verticillium albo-atrum. 
2 : no fungus. 
3 : „ „ 
4 : Verticillium albo-atrum. 
Drawn May 9, 1921. l/2 nat. size. 
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TABLE X. — Examination of the roots of 'Melkers" P II from Eist, .1922. 
No. of 
root 
Situation 
of the 
bases of 
the roots 
Discolouring of the cross-sections Isolation of Vtrtictlllum albo-atrum 
r 1 
r 2 
r 3 
r 4 
r 5 
r 6 
r 7 
r 8 
J 9 
r 10 
r U 
Tap root 
s.w., 
somewhat 
deeper 
than rl 
south 
w. n. w. 
s. s. e., 
deeper 
than r 6. 
west 
north 
At the base : br. stipples in a.r. 1920, 
'21 and '22 
12 cm. higher : yellowish spots in 
a.r. '21. 
Bifurcation : r 1 a, 
r a' 
At the base : br. stipples in a.r. 1921, 
'20 and here and there in a.r. '22. 
Longitudinally split : r 2 and r. 7/ 
10 cm. higher : some br. stipples in 
a.r. 1921 
Furcation into three : r 2a, r a'. 
One of the roots : 1 br. stipple in 
a.r. 1922 
small root 
At the base : br. stipples in a.r. 1921 
and '20 
8 cm. higher : ± the same discol. 
Lateral roots : r 4 a 
Br. stipples in a. r. 1921 and 1920 
Base : r 5 a 
Top : r 5 (some br. stipples in a.r. 1921) 
At the base : discol. in a. r. '21, '20 
and '19 
1 br. stipple in a.r. 1922, longitudi-
nally split : r 6 and r 6" 
10 cm. higher : br. stipples in a.r. 
1921 and '20 
Lateral roots : 
r 6 a : br. ring in a. r. 1921 
r 6 b : br. stipples in a. r. 1921 
r 6 c : 1 br. stipple in a. r. 1921 
At the base : br. spots in a. r. 1921 
and "22 
9 cm. higher : br. spots in a.r. 1922 
and '21 
Bifurcation of one of the roots : br. 
spot in a. r. 1921 
Some br. stipples in a. r. 1920 and'21 
4 lateral roots (r 8 a, r 8 b, r 8 c and 
r 8 d) : no discol. 
Slight discol. in a. r. 1921 
Discol. in a.r. 1921 
Slight discol.in a.r. 1921 
± 20 cm. above base of the trunk : 
some br. stipples in a. r. 1920 and 
'21 and some also in a. r. '22 at the 
east side 
+ r 1 from a.r. 1921, "20 
and '22 
+ r 1 a from a. r. 1921 
+ r 1 a' from a.r. 1921 
+ r 2 from a. r. '21 and '20 
+ r 2i from a. r. '21 and '22 
+ r 2a from a.r. '21 
— r 3 
— r 4 and r 4' 
+ r 4 a from a. r. 1921 
+ r 5 a from a. r. 1921 
+ r 5 from a. r. 1921 
+ r 6 from a.r. 1920, '21 
and '22 
+ r 6> from a. r. 1921 and '22 
+ r 6 a from a. r. 1921 
+ r 6 b from a. r. '20, "21 
and '22 
— r 6 c 
+ r 7 from a. r. '21 and '22 
- r 7 a 
— r 8 a 
+ r 8 b from a. r. 1921 and '22 
— r 8 c 
— r8 d 
+ r 9 from a. r. '21 and '22 
+ r 10 from a. r. 1921 and 
"22 (?) 
+ r 11 from a. r. 1921 or'22 
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Browning and Vertiàllium albo-atrum in annual ring 1921 and 
1922 extended into the shoots of 1921. 
Fig. 7. — Cross-section half-way naturally infected cherry trunk ("Meikers" 
P II from Eist). 
Isolated from 1 : 
2 : 
3 : 
4 : 
5 : 
6 : 
1922. Drawn Oct. 
no fungus. 
Verticillium albo-atrum. 
no fungus. 
Verticillium albo-atrum. 
sjt nat. size. 
Morbid Anatomy. 
Longitudinal and transverse sections of the pathological wood 
taught that the discolouration is chiefly due to the frequent occur-
rence of gum in the wood vessels, the vascular walls being more 
or less yellow. In the second place many vessels contain thyloses, 
which may be saturated with gum. PI. XII, fig. 1 is the micro-
photograph of a tangential section of a Verticillium-diseased 
branch made where the cross-section showed a brown ring ("Mei-
kers" K: branch VI + 1 m. above the base). Sometimes the 
discolouring can also extend over some medullary ray cells. 
On Nov. 18 and 23, 1921 .some microchemical tests were made 
of this gum formed in affected wood from a branch of "Meikers" 
O XII from Andelst, cut off on Nov. 17, 1921. The wood disco-
louring of the basal cross-sections consisted of a brown strip of 
wood running from a cortex incision to the pith, a small, one-sided 
spot, and a series of stipples along the annual ring, to which the 
spot reached. The microscopical sections from the wood of these 
brown stipples, were exposed to the action of different liquids 
for some length of time. 
The gum appeared to be insoluble in water, alcohol 96 %, 
ethyl ether, nitric acid, sulphuric acid, and potassium hydroxide 
44 
i(5 %) : no solution could be detected in ether after l1/^ hours, and 
in nitric acid and potassium hydroxide even after 24 hours. 
Whereas the cell walls were almost quite solved in a drop of 
strong sulphuric acid after ""a" short time, the gum remained 
unchanged. Boiling in'water had no effect, but boiling in nitric 
acid caused the guni to disappear. These reactions are character-
istic of wound gum .{Temme: 1885). 
The identification of Verticillium-mycelium took place in 
radial-, tangential- and transverse sections, prepared from the 
rests of those branch pieces in which the presence of Verticillium 
had been verified by cultural examination. In order to detect the 
mycelium more easily, staining with Bleu coton was applied. 
Attempts to detect hyphäe within the wood vessels, were success-
ful. The hyphae could be traced for some distance, often growing 
in longitudinal direction along the vascular walls; sometimes 
larger masses were formed, filling the lumen of a vessel entirely 
(PI. XII, fig. 2). No gum was present in the parts of the wood 
vessels that contained mycelium. Conidiophores and detached 
conidia were perceived within a vessel. The hyphae appeared to 
force their way into an adjoining vessel through the pits. 
§ 3. AUTHOR'S EXPERIMENTS. 
The experiments were made in the garden of the laboratory 
lying on the "Wageningsche Berg". 
Inoculations of 1921. 
Two sets of one-year-old cherry seedlings were used for inocu-
lation: one set was grown on sandy soil near Bennekom and the 
other reared on clay at Opheusden. The trees of the first group 
surpassed those of the second in length, but as the latter formed 
longer shoots in 1921, the difference in-length gradually disap-
peared. 
M e t h o d s . Parts of the stem, usually those at the base, were 
cleaned with mercuric chloride 2°/00 and water. Various methods 
of inoculation were applied. Usually two almost tangential inci-
sions opposite each other were made reaching into the wood, one 
in downward and one in upward direction. On both sides an 
uninjured strip of wood was left. Sometimes only a flap was cut, 
slightly lengthened by tearing. In a few cases a wound was made 
by boring. After inoculation with the fungus the wounds were 
covered with sterile moist cotton-wool, wrapped in rubber paper 
and tied with flattened raffia. Sometimes the cotton-woolwas 
omitted, ' 
Plate XII 
Fig. 1. Tangential section of the discoloured wood of 
natural ly infected cherry branch ("Meikers" K from 
Heteren). Thyloses and a gum-like substance blocking 
up the wood vessels, X 50. 
Fig. 2. Radial section of the same cherry branch as in 
Fig. 3. Hyphae of Verticillium albo-atrum with 
in a wood vessel, x 190. 
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Thirty-five cherry seedlings growing in pots with a mixture of 
leaf-soil and sand were inoculated at the stem with a pure culture 
of Verticillium albo-atrum, isolated on March 14, 1921 from 
branch VII of cherry "Meikers" K at Heteren. 
The inoculations were performed in 13 specimens between 
April 25 and May 2, in 22 on May 27. 
R e s u l t s . On June 18, 1921 the following symptoms mani^ 
fested themselves in 28 of the 35 seedlings (80 %). The leaves 
began to wither, the edges slightly curling up in longitudinal direc-
tion. The sometimes quite limp leaves showed a red hue. The chan-
ges gradually decreased in intensity from the point of inoculation 
towards the top, the upmost leaf-blades often retaining their 
original colour. Where only one cut had been made, a one-sided 
affection could be observed. The withering increased gradually. 
Several of the seedlings shed their leaves already in August from 
the point of inoculation upwards. 
Almost 100 % (21) of the 22 inoculations performed on May 27 
yielded positive results after 3 weeks. In the course of 1921 seven 
of these trees died, the dying process starting at the top. Close 
above or below the point of inoculation a number of suckers 
developed on such diseased or dying specimens. 
The fungus was re-isolated from 16 of the seedlings. 
The controls remained in good condition, the wood did not 
yield any Verticillium. 
In one of the inoculated .seedlings Verticillium had infested the 
host plant over a distance of more than 40 cm. in the course of 
3 weeks. On microscopic examination the presence of mycelium 
was detected in the spring wood vessels of the two-year-old 
stem, in the vessels of the one-year-old shoot up to the top, and 
in the petiole vessels of one of the lower leaves. The mycelium 
was abundantly present in the wood vessels of the stem, gum was 
rarely found, here and there a medullary ray cell was browned. 
Sections of another specimen were made in August. Within the 
wood vessels of the stem hyphae trailing along the wall and spore-
formation of Verticillium occurred, at other places gum and 
thyloses were found. 
All the sections, also the apical ones, of a tree that had been 
inoculated only on one side, contained mycelium and gum 
exclusively in one half. 
Six seedlings with unmistakable symptoms of Verticillium-wilt 
were placed under horizontal glass plates on June 18, '21, for 
the purpose of keeping three of them as dry, the others as moist 
as possible. Nevertheless the phenomena of dying were to be seen 
in both groups. 
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Inoculations of 1922. 
In this year a great many inoculations were carried out in one-
year-old cherry seedlings, with a view to ascertaining the follow-
ing points: 
1. comparison of the pathogenic character of V'erticillium albo-
atrum (cherry), Verticillium albo-atrum (potato) and Verticillium 
Dahliae (potato). (Experiment I) 
2. influence of the date of stem-, root-, and soil inoculations on 
the appearance of Verticilliosis. (Experiment II) 
The seedlings used for the first experiment came from Lottum 
(Limburg), those for the second experiment from Opheusden. The 
second set was raised on sandy soil near Rhenen (Utrecht). 
All the seedlings were planted in pots with a mixture of leaf-
mould and sand, the soil had been previously boiled for half an 
hour. Unless the pots came straight from the pottery, they were 
subjected to a similar disinfecting treatment. It may be assumed 
that the process described kills Verticillium, if present, since a 
pure culture of this fungus boiled with water for ± half an hour, 
did not develop any more after transference to sterilized potato 
stem. 
The seedlings intended for root- and soil inoculations were 
grown in small pots till the day of treatment, and then transferred 
to larger pots. 
Experiment I. 
M e t h o d s . After cleaning the roots with water, and the stems 
with mercuric chloride 2°/00 and water, the following procedure 
was applied in both cases: wounding by two tangential cuts, 
inoculation with pure cultures of Verticillium on cherry agar 
slants, wrapping up in sterile moist cotton-wool, rubber paper, 
and tying with flattened raffia. Control seedlings were treated in 
the same way with sterile cherry agar. 
The stem- and root inoculations were carried out in May and 
June with the following Verticillium cultures: 
Verticillium albo-atrum (cherry), isolated Febr. 1922 from a 
diseased cherry seedling ino-
culated in 1921. 
„ „ ("Meikers"), isolated on May 26, 1922 from 
"Meikers" VIII 12 at Heteren. 
„ „ (potato), isolated Febr. 1922 from a 
potato tuber. 
Verticillium Dahliae (potato), isolated in 1921 from a potato 
plant. 
Re-isolation of Verticillium took place from cut lateral 
branches. 
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R e s u l t s of t h e S t e m I n o c u l a t i o n s . 
Verticillium albo-atrum (cherry) or ("Meikers") : 
15 of the 17 inoculated seedlings (88 %) showed the disease 
towards the end of June and the middle of July. 
Period of incubation: 2—7% weeks. 
Verticillium was re-isolated from 12 specimens. 
Verticillium albo-atrum (potato) : 
9 of the 12 inoculated seedlings (75 %) showed the disease 
at the end of June and July. 
Period of incubation: 21/fc—8 weeks. 
Verticillium was re-isolated from 6 specimens. 
3 trees began to die at the top Aug. and Sept., 1 was quite 
dead above the inoculation-cut in Aug. 
Verticillium Dahliae (potato) : 
10 of the 13 inoculated seedlings (77 %) showed the disease 
at the end of June, July, and in the middle of Aug. (2). 
Period of incubation: ± 2%—7Vfe weeks. 
Verticillium was re-isolated from 2 specimens. 
1 tree had died at the top in Sept. 
R e s u l t s of t h e R o o t I n o c u l a t i o n s . 
Verticillium albo-atrum (cherry) or ("Meikers"): 
5 of the 12 inoculated seedlings (42 %) showed the disease 
at the end of June and July. 
Period of incubation: 2—9 weeks. 
Verticillium was re-isolated from 3 specimens. 
Verticillium albo-atrum (potato) : 
6 of the 14 inoculated seedlings (43 %) showed the disease 
in July and in the middle of August. 
Period of incubation: 2%—9 weeks. 
Verticillium was re-isolated from 3 specimens. 
1 tree was dead on Sept. 20. 
Verticillium Dàhliae (potato): 
7 of the 12 inoculated seedlings (58 %) showed the disease 
at the end of June and July. 
Period of incubation: 4—9 weeks. 
Verticillium was re-isolated from 1 specimen. 
Four weeks after stem inoculation with Verticillium ("Mei-
kers") in 2 trees the fungus was re-isolated from the top, 51—63 
cm. above the point of inoculation. A similar inoculation with 
Verticillium albo-atrum (potato) taught that the fungus had 
spread over a distance of 61 cm. in 19 days. 
Finally stem inoculations showed the virulence of Verticillium 
albo-atrum ("Bieskers"), "Eijsdensche kers"), and ("Spaansche 
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kers"). Rather old pure cultures of Verticillium albo-atrum 
obtained from cherry trees as early as 1920 proved to be stilt 
virulent in 1922. 
For the controls compare p. 49, 
Experiment II. 
M e t h o d s . The inoculation of the soil requiring a consi-
derable quantity 'of pure culture of Verticillium, the fungus was 
multiplied as quickly as possible by pouring a spore-suspension 
over sterilized chopped potato tubers in large tubes. After some 
time the nutrient blocks were luxuriantly overgrown with the 
fungus. When a cherry seedling was transplanted, two or three 
tubes were filled with water, the spore-suspensions sprinkled 
over the lower layers of soil in the neighbourhood of the roots, 
and the remaining contents of the tubes mixed with the rest of 
the soil. 
On eleven dates from Febr. 15 till Sept. 22 four cherry 
seedlings were subjected to stem-, three to root-, and four to soil 
inoculation with Verticillium albo-atrum (cherry) and the same 
number was similarly treated with Verticillium albo-atrum 
(potato). The method of stem- and root inoculation is described 
on p. 46. Five controls were inoculated with sterile cherry agar 
at the stems and 4 at the roots; 8 controls were simply trans-
planted into larger pots without any further manipulation. 
The fungi were re-isolated from cut lateral branches. 
On April 15 the buds began to expand and some young roots 
developed. On May 1 these two processes were very clear and 
on May 15 the root-system had reached such a density that roots 
and soil formed a cohering clot, when the plant was unearthed. 
R e s u l t s . Tables XI and XII show that 100 % of the stem-
and root inoculations, both with Verticillium albo-atrum (cherry) 
and with Verticillium albo-atrum (potato), made on June 1, and 
43 % of those made on May 15 developed distinct Verticilliosis-
symptoms in July. Four of the seedlings died in September: 2 of 
them had been inoculated in the roots with Verticillium (cherry) 
and 2 with Verticillium (potato). In the root inoculations of July 
and August the symptoms were less pronounced. 
Verticillium albo-atrum was re-isolated from several plants 
inoculated in June. 
Table XIII shows that the soil inoculations with Verticillium 
albo-atrum (cherry) and (potato) from Febr. 15—May 15 had 
positive results. The original fungus was re-isolated from nume-
rous specimens. The symptoms caused by both Verticillium-
strains were identical: 
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The seedlings were attacked either entirely (PI. XIII a) 
or uni-laterally (PL XIII b). The leaves discoloured, espe-
cially those of the one-year-old shoots from their bases upwards. 
The laminae turned red-violet at the margins, which was first 
visible on the lower surface, but soon after also on the upper side. 
Red spots appeared between the lateral nerves, the leaves curling 
up along the midrib. Here and there the whole leaf-blades became 
more or less red, assuming a slanting or vertical position through 
the flaccidity of the petioles. Not only the petioles, but even the 
branches sometimes drooped, as is seen on PL XIII a. Then 
the leaves withered at the tips and at the edges; at last they 
quite shrivelled up, and soon fell off, or they remained hanging 
on the tree for some time in the shape of a cornet. The process of 
desiccation proceeded from below upwards. When a branch was 
perfectly bare, it often began to die at the top (PL XIII b). 
At different periods the symptoms sketched were successively 
observed in one and the same leaf, whereas at the same time all 
the symptoms described were seen in the different laminae from 
the base of the affected shoots towards their top. As soon as 
phenomena of decay occurred, suckers developed at the bottom of 
Ihe cherries. 
The plants inoculated in the stems and in the roots showed the 
same symptoms as described above. They were found only on one 
side of the seedling when the infection in one of the two cuts had 
failed. 
The controls did not suffer from the wounds. 
Examination of the Cherry Seedlings of Experiments I 
and II in 1924. 
It has been stated that a few of the inoculated diseased 
seedlings died in 1922. By far the majority of the others did not 
show any symptoms of wilting after the year of inoculation. Often 
the lower lateral branches remained short, or died off at the top. 
Sometimes the stem too showed this second stage of disease. 
Below the dead twigs lateral shoots generally assumed their 
function. 
In Aug. and Sept. 1924 the inoculated trees of Experiments 1 
and II were sawn off at the base, and the discolouring of the 
wood in the different shoots was examined. The controls and the 
inoculations with negative results had no discoloured wood. In 
the others the wood of 1922 was generally browned, the annual 
rings of 1923 and 1924 not showing a single brown stipple. Some-
times, when the wood of 1922 was badly affected, that of 1921 was 
also discoloured. The browning of annual ring 1922 could mostly 
4 
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TABLE XI. — Stem inoculations on one-year-ol 
•a 
£ c 
o ig 
Z « 
1 a 
b 
c 
d 
2 a ft 
c 
d 
3 a 
& 
c 
4 a 
b 
c 
d 
5 a 
b 
c 
d 
6 a 
c 
d 
7 a 
b 
c 
d 
8 a 
b 
c 
d 
9 a 
b 
c 
d 
10 a 
b 
c 
d 
11 a 
b 
c 
d 
Date of ino-
culation 
Febr. 15 
» 
March 1 
n 
March 15 
; 
Apr. 1 
" 
Apr. 15 
May 1 
n 
May 15 
June 1 
July 3 
Aug. 1 
Sept. 22 
» 
First 
symptoms 
appeared : 
July 11 
July 11 
July 11 
luly 11 
"July 11 
July 11 
Verticillium albo-atrum (cherry) 
Symptoms on 
Sept. 20 
— 
-
-
— 
died early 
+ (slight) 
+ ? 
+ ? 
+ ? 
+ ? 
+ ? 
+ ? 
— 
+ 
+ 
+ 
+ 
+ 
leaf-discolour-
ation due to 
the cutting off 
of the apical 
twigs on ac-
count of aphid 
attack 
+ (slight) 
Discolouring of the wood, 1921 
a.r. 
a.r. 
' 
'22 of sh. '21 and 1 lat. sh. 
— 
-
• • 
22 at the base of sh. '21 
-
— 
-
-
— 
± — 
a.r. '22 of sh. '21 and '22 
died off 
a.r. 
a.r. 
a.r. 
a.r. 
a.r. 
a.r. 
a.r. 
a.r. 
a.r. 
a.r. 
a.r. 
a.r. 
a.r. 
a.r. 
a.r. 
'22 of sh. '21 and '22 and 1 lat. sh. 
'22 of sh. '21 and '22 and 1 lat. sh. 
'22 of sh. '21 and '22 and 2 lat. sh. 
'22 of sh. '21 and '22 and 3 lat. sh. 
'22 of sh. '21 and '22 and 1 lat. sh. 
'22 of sh. '21 
'22 of sh. '21 and '22 (1 lat. sh.) 
'22 of sh. '21 
'22 of sh. '21 and '22 and 1 lat. sh. 
'22 of sh. '21 and '22 and 2 lat. sh. 
'22 of sh. '21 and '22 and 2 lat. sh. 
'22 of sh. '21 and '22 and 4 lat. sh. 
'22 of sh. '21 
<S2 of sh. '21 and the base of sh. '22 
'22 of sh. '21 
± — 
Re-isolation of 
Verticillium in 
1924 
— sh. '22 
- sh. '21 
— sh. '21 
- sh. '21 
— sh. IX 
- sh. '21 
- sh. '21 
- sh. '21 
- sh. '21 
+ sh.'21 from 
a.r. '22 
+ sh.'22 from 
a.r. '22 
+ sh. '21 from 
a.r. '22 
— sh. '22 
— sh. '22 
+ sh. '22 
- sh. '22 
- sh. '21 
- sh. '21 
+ sh. '21 
— sh. '22 
— sh. '22 
+ sh.'22 from 
a.r. '22 
+ sh. 22 from 
a.r. '22 
- sh. '21 
- sh. '21 
a.r. = annual ring sh. = shoot. lat. sh. = lateral shoot 
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ïerry seedlings between Febr. IS—Aug. 1, 1922. 
Verticilliam albo-atrum (potato) 
First 
symptoms ap-
peared : 
July 24 
July 11 
July 11 
June 30 
July 11 
Aug. 15 (?) 
Symptoms on 
Sept. 20 
+ ? 
+ ? 
+ '? 
+ ? 
+ ? 
+ 
+ ? 
+ ? 
+ ? 
+ ? 
+ 
leaf-discolour-
ation due to 
the cutting off 
of the apical 
twigs on ac-
count of aphid 
attack 
+ (slight) 
+ (slight) 
Re-isolation of 
Verticillium in 
1922 
+ Aug. 9 
+ Aug. 9 
+ June 30 
+ Aug. 9 
Discolouring of the wood, 1924 (Sept.) 
a.r. 
-
-
-
'22 of sh. '21 and 1 lat. sh. (very slight) 
— \ 
-
died off 
a.r. '22 of sh. '21 and 2 lat. sh. (slight) 
a.r. 
a.r. 
ar. 
a.r. 
a.r. 
'a.r. 
a.r. 
a.r. 
a.r. 
a.r. 
a.r. 
a.r. 
a.r. 
a.r. 
a.r. 
a.r. 
a.r. 
'22 of sh. '21 and '22 (very slight) 
'22 of sh. '21 and '22 
'22 of sh. '21 and '22 
'22 of sh. '21 and '22 
'22 of sh. '21 and '22 and 1 lat. sh. 
'22 of sh. '21 and '22 and 1 lat. sh. 
\2 of sh. '21 and '22 and 2 lat. sh. 
'22 of sh. '21 and '22 
'22 of sh. '21 and '22 and 1 lat. sh. 
'22 of sh. '21 and 1 lat. sh. 
'22 of sh. '21 and '22 and 3 lat. sh. 
'22 of sh. '21 and '22 and 3 lat. sh. 
'22 of sh. '21 and '22 and 2 lat. sh. 
'22 of sh. '21 and '22 and 2 lat. sh. 
'22 of sh. '21 
'22 of sh. '21 and '22 and 1 lat. sh. 
'22 of sh. '21 
Re-isolation of 
Verticillium in 
1924 
+ sh. '21 from 
a.r. '22 
+ sh. '22 
+ sh. '22 
- sh. '22 
+ sh. "22 
+ sh.'22 from 
a.r. '22 
- lat. sh. 
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TABLE XII. — Root inoculations on one-year-ol 
No. of 
infected 
seedling 
1 a 
b 
c 
2 a 
b 
c 
3 a 
b . 
c 
4 a 
b 
c 
5 a 
b 
c 
6 a 
b 
c 
7 a 
b 
c 
8 a 
b 
c 
9a 
b 
c 
10 a 
b 
c 
11 a 
b 
c 
Date of 
inoculation 
Febr. 15 
„ 
» 
March 1 
„ 
-
March 15 
» 
1» 
Apr.l 
n 
» 
Apr. 15 
n 
May 1 
» 
n 
May 15 
» 
» 
June 1 
„ 
» 
July 3 
» 
" 
Aug. 1 
• 
» 
Sept. 22 
» 
Verticillium albo-atrum (cherry) 
First 
symptoms 
appeared: 
Aug. 15 (?) 
July 11 
June 30 
July 11 
July 11 
Aug. 2 
July 24 (?) 
Symptoms 
on Sept. 20 
— 
— 
-
— 
— 
— 
+ 
— 
— 
+ ? 
+ ? 
died early 
top died off 
— 
— 
-
+ ? 
killed 
killed 
+ 
+ 
+ 
Died off (pro-
bably suffered 
from trans-
planting) 
— 
-
Re-isolation 
of Verticillium 
in 1922. 
+ June 30 
+ July 22 
Discolouring of the wood, 
1924 (Aug.) 
— 
— 
— 
— 
— 
-
a. r. '22 of sh. '21 and '22 and 
2 lat. sh. 
— 
— 
— 
— 
a. r. '22 of sh. '21 and '22 
a. r. '22 of sh. '21 and '22 
— 
a. r. '22 of sh. 11 and '22 
a. r. '22 of sh. '21 and '22 
a. r. '22 of sh. '21 and '22 and 
1 lat. sh. 
— 
a. r. '22 of sh. "21 and '22 
a. r. '22 of sh. '21 and '22 and 
2 lat. sh. 
a. r. '22 of sh. '21 
a. r. '22 of sh. '21 and '22 and 
3 lat. sh. 
a. r. '22 of sh. '21 and the base 
of sh. '22 
a. r. '22 of sh. '21 
a. r. '22 of sh. '21 
a. r. '22 of sh. '21 and '22 
a. r. '22 of sh. '21 and '22 
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herry seedlings between Febr. 15—Aug. 1, 1922. 
Verticlllium albo-atrum (potato) 
Re-isolation 
of Verticillium 
in 1924 
First 
symptoms 
appeared : 
Symptoms 
on Sept. 20 
Re-isolation 
of Verticil-
lium in 1922 
Discolouring of the wood, 
1924 (Aug.) 
Re-isolation 
of Verticillium 
in 1924 
sh. '21 
— sh. '22 
+ sh. '21 from 
a.r. "22 
• sh. '22 
sh. '21 
+ sh. '21 from 
a. r. '22 
- sh. '22 
+ sh. '22 
- sh. '22 
- sh. '22 
- sh. '22 
+ sh. '21 
+ sh. '22 
+ sh. '22 
from a. r. '22 
— sh. '21 
+ sh. '22 
+ sh. '21 
from a. r. '22 
— sh. ^1 
— sh. '21 
+ sh. '22 
— sh. '21 
July 11 (?) 
July II 
July 11 
July 11 
July 11 
July 11 
July 11 
July 24 
July 24 (?) 
Aug. 15 (?) 
Aug. 15 (?) 
Aug. 15 (?) 
died early 
+ (slight) 
died early 
+ 
killed 
+ 
+ 
killed 
+ 
+ (slight) 
+ 
+ 
+ July 22 
+ Aug. 9 
+ Aug. 9 
+ Aug. 9 
a. r. '22 of sh. '21 and 2 lat. sh. 
sh. '21 
a. r. '22 of sh. '21 and '22 
a. r. '22 of sh. '21 and '22 and 
3 lat sh. 
a. r. '22 of sh. '21 and '22 and 
3 lat. sh. 
a. r. '22 of sh. '21 and 2 lat. sh. 
a. r. '22 of sh. '21 and '22 
a. r. '22 of sh. "21 and '22 
a. r. '22 of sh. '21 and '22 
a. r. '22 of sh. '21 and '22 and 
3 lat. sh. 
a.r. '22 of sh. '21 
a. r. '22 of sh. '21 and '22 
a. r. '22 of sh. '21 and '22 
a. r. '22 of sh. '21 and '22 
a. r. '22 of sh. '21 and '22 and 
1 Iat. sh. 
a. r. '22 of sh. '21 and '22 
sh. '21 
sh. "22 
sh. '22 
sh. "21 
sh. '21 
sh. '22 
sh. '21 from 
a.r. '22 
sh. '21 from 
a. r. '22 
sh. '22 from 
a. r. '22 
+ sh. ^1 
— sh. '22 
sh. '22 
lat. sh. 
• sh. '21 
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G 
•3 0> 
Vi 
'S 
6 
Z 
1 a 
b 
c 
d 
2 a 
b 
c 
d 
3 a 
b 
c 
d 
4 a 
b 
c 
d 
5 a 
b 
c 
d 
6 a 
b 
c 
d 
7 a 
b 
c 
d 
8 a 
b 
c 
d 
9 a 
b 
c 
d 
10 a 
b 
c 
d 
e f 
g 
11 a 
b 
c 
d 
Date of 
inoculation 
Febr. 15 
» 
» 
„ 
March 1 
March 15 
Apr. 1 
Apr. 15 
n 
May 1 
„ 
May 15 
M 
June 1 
-
July 4 
„ 
Aug. 1 
„ 
Sept. 22 
• 
First Symp-
toms ap-
peared: 
July 24 
July 11 
July 11 
July 24 
July 11 
July 11 
July 11 
July 11 
Aug. 2 
July 11 
Aug. 15 
July 11 
Symptoms 
on Sept. 20 
+ (slight) 
-
+ 
+ 
+ 
-
+ 
-
+ 
+ 
— 
+ 
+ 
+ 
— 
-
+ 
+ ? 
+ ? 
+ ? 
Re-isolation 
of Verticillium 
in 1922 
+ July 24 
+ Aug. 9 
+ July 22 
+ Aug. 9 
+ July 12 
(±70cm.above 
ground) 
TABLE XIIL — Soil inoculations on one-year-ol 
Verticillium albo-atrum (cherry) 
Discolouring of the wood, 1924 (Sept.) 
a.r. '22 of sh. '21 and '22 and 2 lat. sh. 
a.r. '22 of sh. '21 and '22 and 2 lat. sh. 
a.r. '22 of sh. '21 and "22 and 1 lat. sh. 
a.r. '22 of sh. '21 and '22 
a.r. '22 of sh. '21 and '22 
a.r. "22 of sh. '21 and *22 
a.r. '22 of sh. '21 and '22 and 1 lat. sh. 
a.r. '22 and '23 of sh. '21 and '22 and 1 lat. sh. 
a.r. '22 of sh. '21 and '22 and 3 lat. sh 
a.r. '22 of sh. "2\ and '22 and 1 lat. sh. 
a.r. *22 of sh. '21 and '22 
a.r. '22 of sh. '21 and "22 
a.r. '22 and '23 of sh. '21, '22 and '23 and 5 lat. sh. 
a.r. '22 of sh. '21 and '22 
a.r. '22 of sh. "i\ and "22 and 2 lat. sh. 
a.r. '22 of sh. '21 and '22 and 2 lat. sh. 
a.r. '22 and '23 of sh '21, '22 and '23 
a.r. '22 of sh. '21 and '22 and 3 lat. sh. 
a.r. '22 of sh. '21 and '22 and 2 lat. sh. 
a.r. '22 of sh. '21 and 2 lat. sh. 
a.r '22 of sh. '21 and '22 and 3 lat. sh. 
a.r. '22 of sh. '21 and '22 and 1 lat. sh. 
a.r. '?2 of sh. '21 and '22 and 1 lat. sh. 
1 
a.r. '22 
a.r. '22 of sh. '21 and '22 
a.r. '22 of sh. '21 
Died off 
a.r. '22 of sh. '21 and '22 
a.r. '22, '23 and '24 of sh. '21, '22 and '23 
• — 
a.r. '23 of sh. '21, '22 and '23 and 2 lat. sh. 
a.r. '22 of sh. '21 and 1 lat. sh. 
— 
-
a.r. '23 of sh. '21 and '22 and 2 lat. sh. 
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herry seedlings between Febr. 15-Aug. 1, 1922. 
Re-isolation 
of Verticillium 
in 1924 
H sh. "22 from 
a.r. "22 
I- sh. '21 from 
a.r. '22 
h sh.'22 from 
a.r. '22 
-sh. "23 + root 
— sh. '21 
+ sh. "22 from 
a.r. '22 
— sh. '21 
+ sh. '21 from 
a.r. '22 
+ sh.'22 from 
a.r. '22 
— sh. '23 
Verticillium albo-atrum (potato) 
First symp-
toms ap-
peared : 
sh. '22 
sh. '23 
July 11 
July 24 
July 11 
July 24 
July 24 
July 11 
July II 
Aug. 15 
— sh. '22 
-root —sh.'22 i 
— sh. '22 July 11 
Sept. 20 
+ sh.'22 from 
a.r. '22 
+ sh. "22 from 
a.r. '22 
+ sh. '22 
+ sh. '21 
- sh. '21, "22 
and '23 
+ sh.'22 from 
a.r. '24 
— sh.'23—root 
— sh. '24 
+ sh. '21 July 24 
Symptoms 
on Sept. 20 
Re-isolation 
of Verticil-
lium in 1922 
Discolouring of the wood, 1924 (Sept.) 
+ 
+ (slight) 
+ + July 22 
+ July 24 
+ July 24 
+ Aug. 9 
Sept. 20 
July 24 
Aug. 9 
+ (slight) 
+ 
+ ? 
+ (slight) 
+ (slight) 
+ ? 
+ (slight) 
+ July 24 
a.r. '22 of sh. '21 and '22 and 3 lat. sh. 
a.r. '22 of sh. 'A and '22 and 2 lat. sh. 
a.r. '22 of sh '21 and '22 and 2 lat. sh. 
a.r. '22 of sh. '21 and '22 and 2 lat. sh. 
a.r. '22 and '23 of sh. '21, '22 and '23 and 2 lat. sh. 
chiefly a.r. '22 
a.r. '22 of sh. '21 
a.r. '22 of sh. '21 
a.r. '22 of sh. '21 and '22 and 1 lat. sh. 
a.r. '22 of sh. '21 and 2 lat. sh. 
a.r. '22 of sh. '21 and '22 
a.r. '22 of sh. '21 and '22 and 2 lat. f h. 
a.r. 22 
a.r. '22 of sh. '21 and '22 and 1 lat. sh. 
a.r. '22 of sh. '21 and '22 and 1 lat. sh. 
a.r. '22 of sh. '21 and '22 and 1 lat. sh. 
a.r. '22 of sh. '21 and '22 and 3 lat. sh. 
a.r. '22 of sh. '21 
a.r. '22 of sh. '21 and '22 and 2 lat. sh. 
a.r. '22 of sh. '21 and '22 and 1 lat. sh. 
a.r. '22 of sh. '21 and '22 and 2 lat. sh. 
a.r. '23 of 2-year-old lat. sh. 
+ Aug. 9 a r. '22 of sh. '21, sh. '22 dead 
a.r. '22 of sh. '21 and '22 
a.r. '22 of sh. '21 
a.r. '22 of sh. '21 and '22 
a.r. '22 of sh. '21 and '22 and 2 lat. sh. 
a.r. '22 of sh. '21 (slight) 
+ ? 
a.r. '23 of sh. '21 and '22 and 1 lat. sh. 
a.r. '22 of sh. '21 (slight) 
a.r. '22, '23 and '24 of sh. '21, '22, '23 and '24; 
a.r. '22 and '23 of sh. '21 and '22 
a.r. '22 and '23 of sh. '21, '22 and '23 
Re-isolation 
of Verticillium 
in 1924 
4- lat. sh. 
+ sh. '21 
— sh. '22 
— sh. '23 
+ lat. sh. 
+ a.r. '23 
+ sh. '23 
+ sh. '21 and '22 
- s h . ' 2 3 and "24 
— sh. '22 
+ sh. '21 from 
a.r. '22 
+ sh.'22 from 
a.r. '22 
+ sh. '23 
+ sh.'22 from 
a.r. '22 
— sh. '23 
— lat. sh. 
— sh. '21 
- sh. '22 
+ sh. '21 
+ sh. '23 
- sh. "24 
+ sh. '22 
— sh. '23 
+ sh. '22 
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be followed into shoots '21 and '22 of the stem, and into the lower 
lateral branches. (PI. XIV, fig. 1). The shoots of '23 and '24 were 
perfectly healthy. Sometimes only shoot '21 was affected, in this 
case the infection had not advanced; therefore these specimens 
were not taken into account. 
On microscopic examination gum, thyloses, and mycelium were 
observed in annual ring 1922 of shoots '21 and '22. By cultural 
methods Verticillium was obtained from both shoots out of the 
vessels of 1922 (PI. XIV, fig. 2). 
In Experiment II the stem inoculations made from Febr. 15— 
May 15 produced no discolouring of the wood, those of May 15 a 
slight, those of June 1, July 3, and Aug. 1 a stronger, and those 
of Sept. '22 again a slighter browning (Table XI). As regards the 
root inoculations made from Febr. 15 to May 15, some of March, 
April, and May 1 appeared to be affected, those on later dates 
regularly showing browning of the wood (Table XII).. 
It follows that in general only the inoculations after May 15 
were successful. The seedlings treated on June 1 suffered badly 
from the disease, while later on the internal symptoms developed 
strongly, but the external ones were less pronounced. 
The soil inoculations of Febr. 15—May 15 resulted in disco-
louring of the wood, whereas those of later dates produced no 
discolouring or a slight one in annual ring 1922 (Table XIII). 
Of the stem and root inoculations of Experiments I and II com-
bined, 121 cherries had browned wood. In all of them except two 
only annual ring 1922 was diseased. In one stem inoculation with 
Verticillium albo-atrum (potato) the annual rings '22, '23, and '24 
were browned, in another with Verticillium Dahliae (potato) 
wood discolouring appeared in the rings '22 and '23. The latter 
exhibited the external symptoms of disease also in 1923. 
Of the 61 diseased seedlings in pots with inoculated soil 6 were 
affected in annual rings '22 and '23, 2 in annual rings '22, '23 and 
'24, and 3 in annual ring '23. The rest had discoloured wood 
of 1922. 
Hence 169 of the 182 inoculations, i. e. 93 %, exhibited a wood 
discolouring restricted to annual ring 1922. Some plants in inocu-
lated soil were also diseased in '23 and '24. Evidently the roots 
growing in infected soil may be attacked every year anew. The 
two exceptional cases of the cherries inoculated in the stem and 
showing browning of the wood in more than one annual ring may 
probably be accounted for in this way that the roots growing 
through the opening of the pot were exposed to new natural 
infection from the surrounding soil. The garden was infected with 
Verticillium, since the fungus was isolated from some weeds. 
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Reviewing what has been said we arrive at the conclusion that 
cherry trees, in which Verticillium has penetrated the spring wood 
vessels of the trunk at the end of May or the beginning of June, 
are very seriously affected, and may possibly die. If the infection 
is less severe, wilting and discolouring of the wood will, indeed, 
occur, but unless the roots are infected anew, the wood cylinders 
of the following years remain healthy. The lower branches, which 
suffered most severely during the year of attack, are often 
stunted, their tops often die, but new shoots with healthy wood 
take the place of the old ones. Infected cherries may outgrow the 
disease. 
§ 4. SOURCES OF INFECTION IN CHERRY ORCHARDS. 
The positive results of the stem-, root-, and soil inoculations 
with Verticillium (potato) suggest that the source of infection in 
the cherry orchards of the "Betuwe" may be the potatoes which, 
as was already stated, are cultivated under the cherry trees for 
several successive years. Verticillium-wilt frequently occurring 
among potatoes, the chance is very great that the soil in the 
orchards gets infested with the fungus in question. Verticillium 
albo-atrum was isolated from potatoes growing under the cherry 
trees of different orchards (cf. Table VI). According to a grower 
a set of trees, planted at the same time in two different orchards, 
one with, and another without potato inter-crop, showed the 
disease only in the former case. 
Though Verticillium-wilt was not observed by the author among 
cherry trees outside the "Betuwe", it may be expected to occur also 
in other cherry districts, especially in those where the trees are 
inter-cropped with potatoes. From reports of horticultural experts 
the following data were obtained. In the south-eastern part of 
the province of Utrecht almost exclusively the cherry variety 
"Meikers" is grown, usually alternating in the orchards with 
apple trees. For about 9 years the inter-crop consists of: oats, 
beans, peas, potatoes, beets, clover, and afterwards grass. In the 
neighbourhood of Uden (Noord-Brabant) mostly the varieties of 
"Udensche Zwarte" and "Udensche Spaansche" are met with. In 
these orchards permanently agriculture is practised, the most 
frequent crops are: potatoes ("Industrie" and "Roode Star"), 
buckwheat, oats, beans. 
In the orchard at Eist (A) a second and perhaps even a third 
source of infection deserves attention. When the soil of the tomate* 
house was renewed, the discarded soil was thrown into the or-
chard. In 1921 the tomatoes suffered from Verticilliosis, as ap-
peared from the typical symptoms and the isolation of the fungus 
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in question. Very probably Verticillium albo-atrum (tomato) had 
been conveyed to the orchard with the greenhouse soil. The 
injurious effect of this fungus on cherries is illustrated by PI. XV, 
fig. 2. Some years before the same method had been followed 
when renewing the soil of a cucumber house. This procedure is-
also dangerous, since Verticillium albo-atrum (cucumber) appears 
to be virulent to cherry (Table XIX). 
Not only in the orchards, but also in the nurseries potatoes are 
often cultivated between the cherry trees. At Opheusden pota-
toes, beets, and French beans are planted between the seedlings 
in the first and second years, the field having been planted origi-
nally mostly with potatoes and beets. In one of the nurseries Ver-
ticillium was obtained from wilting potatoes growing under young 
cherries. 
Though so far the author has not succeeded in detecting Verti-
cillium-wilt among the cherries in the nurseries, the communica-
tions of some nursery-men suggest the possibility of occurrence in 
the stocks. Rather late in the summer a grower (in Limburg) had 
observed a reddish purple discolouration of the leaves of some 
well-grown cherry seedlings one year old. These trees shed their 
leaves pretty soon, and died the same or the next year. 
Probably the principal source of infection of an orchard must 
not be looked for in the nursery, but in the orchard itself. 
§ 5. VERTICILLIOSIS OF PRUNUS MAHALEB. 
Very clearly Verticillium-wilt was observed in a cherry-
wildling Prunus Mahaleb L., which is only rarely used as stock 
in our country. The plants had. come from Orleans as one-year-
old seedlings, and had been planted in the experimental garden 
of the "R. K. Tuinbouwbond" at Breda in 1921 on a spot where 
previously potatoes had been cultivated. The soil may, therefore, 
have been infected with Verticillium. Making a perfectly healthy 
impression in the middle of July, they were budded in the course 
of this month. In August 3 of the 200 trees exhibited symptoms of 
Verticilliosis: one-sided affection, the somewhat curled leaves 
flaccid or quite withered, while the leaf-blades at the base of one 
of the branches had yellowed: 
The trees were sent to Wageningen on Sept. 1, 1921, where the 
two most seriously affected specimens were examined directly, 
the third after a lapse of two weeks. With one exception none of 
the "eyes", had developed. In general discolouring of the wood 
in the stem was observed both under and above the buds. The 
wood of 1921 appeared to be affected as far as in the shoots of 
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1921, Veriicillium Dahliae was isolated from stem, one-year-old 
shoots, main root and lateral roots. 
In microscopic sections of one of the trees mycelium, especially 
trailing along the walls, gum, thyloses, and also spores were 
observed within the wood vessels. It. appeared from the cross-
sections of the stem under the budded part that in accordance 
with the macroscopic observations the mycelium, was chiefly 
present in the spring wood vessels of 1921. 
§ 6. VERTICILLIOSIS OF MORELLO. 
Finally Verticillium-wilt was observed in some morellos 
[Prunus Cerasus austera Ehrh.) at Maasbracht (near Roermond) 
(cf. p. 14). In 1917 100 trees of the variety "Noordkers" grafted 
on Prunus Mahaleb were planted. In July 1921 three specimens 
exhibited the Verticilliosis-symptoms, they died and were un-
earthed. In 1922 the disease broke out again in 3 plants standing 
next to each other. On June 30, '22 some material of these was 
sent to Wageningen: 
1. a forked branch, from the discoloured wood of which Ver-
iicillium Dahliae was isolated. 
2. the top of a trunk with the bases of the branches. The various 
cross-sections were characterized by the typical discolouring of 
Verticil liosis extending into the last annual ring of the trunk. The 
scar of a branch that had been previously removed may be consi-
dered as an indication that the disease had already manifested 
itself earlier. The plot of the morellos had originally not been 
cultivated, and for some years past only grass had been grown 
on it. 
§ 7. OTHER DISEASES IN CHERRY ORCHARDS WHICH MAY 
BE CONFUSED WITH VERTICILLIUM-WILT. 
A premature discolouration of the leaves is also mentioned in 
the frequent descriptions of the "Kirschbaumsterben am Rhein" 
(Aderhold: 1903, Stornier: 1909). The typical internal symptoms 
of Verticilliosis are, however, not recorded, nor was Verticillium 
ever isolated. According to Aderhold the disease is to be attri-
buted to Valsa (Cytospora) leucostoma, which enters through 
cortical wounds. Stornier claims that bacteria cause a primary 
infection and that Valsa leucostoma acts as a secondary parasite. 
About 1900 the disease assumed a serious character, but 
experts at Geisenheim and Camp am Rhein have informed the 
author that of late years only few cases were found. 
The death of cherry trees at Uden (Noord-Brabant) is often 
caused by Armillaria mellea. The stocks, when growing in the 
woods, may already be infected with the fungus (Westerdijk: 
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Verticillium isolated 
from: 
Abelmoschus esculentus 
» n 
Acer rubrum 
Antirrhinum sp 
Ara lia cordât a 
Berberis 
Cucumis Meto 
Cucumis sativus 
Cherry 
Lathyrus odoratus 
Solanum 'Lycopersicum 
» 
. 
" 
Solanum melongena 
X >. 
» » 
» 
» „ 
. 
-
Solanum tuberosum 
TABLE XIV. — Cross-inoculations with Verticllliu 
Inoculated plants 
Gossypium herbacéum 
Solanum melongena 
Berberis 
Solanum melongena 
Abelmoschus esculentus 
Solanum melongena 
Solanum melongena 
Solanum me/ongena(seedling) 
Acer 
Solanum tuberosum 
Solanum tuberosum 
Solanum Lycopersicum 
Lathyrus odoratus 
Solanum tuberosum 
Cucumis sativus 
Solanum Lycopersicum 
Cucumis sativus 
Solanum tuberosum 
Solanum melongena 
Antirrhinum sp. 
Cucumis sativus 
Acer sp. (seedlings) 
Gossypium herbaceum (seed-
lings) 
Capsicum sp. (seedlings) 
Ulmus sp. (seedlings) 
Lathyrus odoratus 
Solanum tuberosum 
Abelmoschus esculentus 
Berberis (seedlings) 
Acer 
Lycopersicum esculentum 
Lycopersicum ptmpinellifo-
lium 
Solanum tuberosum 
„ carolinense 
„ rostratum 
„ integrifolium 
„ torvum 
„ eteagnifolium 
„ marginatum 
„ pyraconthum 
„ Lycopersicum 
Capsicum sp. (pepper plants) 
Solanum melongena 
Acer 
Cucumis sativus 
„ Meto 
Solanum Lycopersicum 
Abelmoschus esculentus 
Place of 
inoculation 
hypocotyl 
stem and root 
hypocotyl 
underground part 
of the stem 
root 
stem 
soil 
stem 
stem 
„ 
» 
hypocotyl 
root 
stem 
soil (naturally in-
fected) 
soil (naturally in-
fected) 
soil (naturally in-
fected) 
soil (naturally in-
fected) 
soil (naturally in-
fected) 
soil (naturally in-
fected) 
soil (naturally in-
fected; 
soil (naturally in-
fected) 
soil (naturally in-
fected) 
soil*(naturally in-
fected) 
stem and root 
stem 
soil 
is 
o e 
c « 
C o 
2£ ö 
20 
7 
3 
* 
22 
5 
15+ 10 
6 
3 
12 
12 
12 
12 
12 
12 
12 
6 
19 
4 
3 
1 -6 
1-6 
1-6 
1 -6 
1-6 
1 -6 
1 -6 
1 -6 
1 -6 
1 -6 
4 
3 
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Results 
+ (80 o/0) 
+ (85 0/o) 
— 
+ (450/0) 
+ (80 0/0) 
+ (40 o/0) and 
+ (TO o/0) 
+ 
+ (2) 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ (slow pro-
gress) 
+ 
+ 
+ (36 o/„) 
+ (2) 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
1 diseased 
+ 
+ 
+ 
+ (550/0) 
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entioned by various authors. 
Incubation period Re-isolation of Verticillium 
Controls 
No. 
> + 
1 + 
15 days 
14 days 
10 days 
9 days 
12 days 
16 days 
30 days 
no wilting after 4 months, ino-
culated plants smaller than 
controls 
month 
+ 
+ 
+ 
+ 
+ 
+ 
+ 5 cm. above 
point of inocul. 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Condition 
healthy 
30 
3 
12 
12 
12 
12 
12 
12 
12 
Literature 
Carpenter (1918) 
Carpenter (1918) 
Jagger & Stewart (1918) 
Jagger <£ Stewart (1918) 
Carpenter (1918) 
Carpenter (1918) 
Weimer (1923) 
Jagger & Stewart (191&) 
Jagger <S Stewart (1918) 
Van der Lek (1918b) 
Van der Lek (1918a) 
Bewley (1922) 
Bewley (1922) 
Van der Lek (1918b) 
Van der Lek (1918b) 
Bewley (1922) 
Bewley (1922) 
Bewley (1920 and 1922) 
Bewley (1920 and 1922) 
Bewley (1920 and 1922) 
Bewley (1920 and 1922) 
Bewley (1920 and 1922) 
Bewley (1920 and 1922) 
Bewley (192) and 1922) 
Bewley (1920 and 1922) 
Bewley (1922) 
Van der Lek (1918b) 
Carpenter (1918) 
Jagger & Stewart 
Jagger <& Stewart 
Jagger & Stewart 
Jagger & Stewart (1918) 
Jagger <S Stewart (1918) 
Jagger & Stewart (1918) 
Jagger & Stewart (1918) 
Jagger <S Stewart (1918) 
Jagger <S Stewart (1918) 
Jagger & Stewart (1918) 
Jagger <& Stewart (1918) 
Jagger & Stewart (1918) 
Haenselfr (1923) 
Haenseler (1923) 
Jagger <S Stewart (1918) 
Jagger & Stewart (1918) 
Van der Lek (1918a) 
Van der Lek (1918b) 
Van der Lek (1918b) 
Carpenter (1918) 
62 
1916). In 1922 the author observed the great damage caused by 
Armillaria mellea in a cherry orchard near "Kruispunt Beugen" 
(Limburg), which was planted on fir soil. 
CHAPTER VI. — CROSS-INOCULATIONS. 
§ 1. LITERATURE. 
The cross-inoculations described in the literature and collected 
in Table XIV had nearly all positive results: a Verticillium-strain 
is not confined to one host, but may attack a number of plants, 
belonging systematically to different species, genera, families, 
orders, even sub-classes. 
§ 2. AUTHOR'S EXPERIMENTS. 
Various çross-inoculations were performed in order to compare 
the pathogenic character of Verticillium Dahliae with that of 
Verticillium albo-atrum. 
Stem Cross-Inoculations. 
M e t h o d s . In 1922 the following plants were raised in disin-
fected pots filled with boiled soil (cf. p. 46): Aconitum Napel-
lus L., Lupinus polyphyllus Lindl., Phlox decussata Hort., Solanum 
tuberosum L., one-year-old cherry seedlings, Solanum Lycoper-
sicum Trn., and Cucumis sativus L. Pieces of the rhizomes or 
tubers of monkshood, lupine, phlox, and potato were planted 
separately in small pots, for the purpose of studying the original 
state of health of the material used. 
The plants were inoculated at the base of their stems with pure 
cultures of: 
Verticillium Dahliae (Prunus Mahaleb), isolated in 1921, 
,, ,, (Lupinus polyphyllus), ,, ,, 1921, 
,, ,, (Aconitum Napellus), „ ,, 1921, 
„ ,, (Phlox decussata), ,, ,, 1921, 
,, „ (Papaver Rhoeas), „ ,, 1921, 
,, „ (Solanum tuberosum), ,, „ 1921 
(from stem), 
Verticillium albo-atrum (Solanum tuberosum), isolated in 1922 
(from tuber), 
,, „ (Solanum Lycopersicum), isolated in 
1921 and 1922, 
„ „ (Cucumis sativus), isolated in 1921, 
„ (cherry), isolated in 1922 (from a 
diseased cherry seedling inoculated in 
1921 and from "Meikers" VIII 12 at 
Heteren: May 26). 
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In all cases the fungus was introduced into a wound made tö 
the depth of the vascular bundles. For the rest the procedure of 
inoculation was conducted in the way discussed on p. 46 for 
cherry seedlings; only the cotton-wool was omitted. 
R e s u l t s . The survey of the experiments is given in tabular form. 
Summary of Table XV. 
Aconitum Napellus. 
Verticillium Dahliae: 
12 of the 12 inoculated stems showed the disease (100 %). 
Period of incubation + 3 weeks. 
Verticillium was re-isolated from 5 stems. 
Verticillium albo-atrum: 
7 of the 7 inoculated stems showed the disease (100 %). 
Period of incubation + 7 weeks. 
Verticillium was re-isolated from 2 stems. 
Summary of Table XVI. 
Lupinus polyphyllus. 
Verticillium Dahliae: 
11 of the 12 inoculated stems showed the disease (92 %). 
Period of incubation ± 3 weeks. 
. Verticillium was re-isolated from 5 stems. 
Verticillium albo-atrum: 
7 of the 7 inoculated stems showed the disease (100 %). 
Period of incubation ± 4 weeks. 
Verticillium was re-isolated from 4 stems. 
The course of the disease was exactly the same in the two 
cases, only each stage was reached somewhat more quickly by 
thé plants inoculated with Verticillium Dahliae. 
It was remarkable, that + July 25 Verticilliosis was also 
observed in a number of non-treated stems and leaves sprouting 
from the same rhizome. Both Verticillium-species were isolated 
from non-inoculated stems. Evidently the fungus had spread 
through the rhizome from the point of infection and had ascended 
from the root-stock into various aerial shoots and leaves. In 
lupine the disease bore a rather serious character especially in 
the plant inoculated with Verticillium Dahliae (Phlox decussata) 
(PL XV, fig. 1 : ± 7 weeks after inoculation). 
Summary of Table XVII. 
Phlox decussata. 
Verticillium Dahliae: 
12 of the 12 inoculated stems showed the disease (100 %}. 
Period of incubation 3—4 weeks. 
Verticillium was re-isolated from 6 stems. 
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Verticillium albo-atrum: 
9 of the 10 inoculated stems showed the disease (90 %). 
Period of incubation 3—4 weeks. 
Verticillium was reJsolated from 4 stems. 
The process of the disease was exactly the same for the two 
species. The plants suffered rather severely from the disease; they 
flowered, but the drooping clusters remained sometimes small. 
Also phlox showed the particularity that the two fungi spread 
through the root-stock, and affected by this way the non-inocu-
lated stems, from which the fungi were isolated. On Oct. 16 all 
the controls still bore green leaves, whereas on this date most of 
the main stems of the inoculated plants were dying, new shoots 
developing at the bases. 
Summary of Table XVIII. 
Potato. 
Verticillium Dahliae: 
17 of the 24 inoculated stems showed the disease (71 %). 
Period of incubation ± 4 weeks. 
Verticillium was re-isolated from 6 stems. 
Verticillium albo-atrum: 
14 of the 14 inoculated stems showed the disease (100 %). 
Period of incubation ± 2 weeks. 
Verticillium was re-isolated from 4 stems. 
Summary of Table XIX. 
Cherry seedlings. 
Verticillium Dahliae: 
7 of the 18 inoculated stems showed the disease (39 %). 
Period of incubation 2x/2 to more than 3 ^ weeks. 
Verticillium was re-isolated from 2 stems. 
Verticillium albo-atrum: 
6 of the 6 inoculated stems showed the disease (100 %). 
Period of incubation 2—3 weeks. 
Verticillium was re-isolated from 2 stems. 
The action of Verticillium albo-atrum was more intensive. On 
PI. XV, fig. 2 one of the seedlings is figured ± 5 weeks after 
inoculation with Verticillium albo-atrum (tomato). 
Summary of Table XX. 
Tomato. 
Verticillium Dahliae: 
Of the 20 inoculated plants 2 were seriously, 16 slightly 
affected. 
Verticillium was re-isolated from 5 plants. 
Plate XV 
Fig. 1. Lupinus polyphyllus. 
a. Normal plant. 
b. Inoculated May 22, 1922 at the base of two stems with Verti-
cillium Dahliae (Phlox decussata). One of these stems was still 
p resent (on the right). The non-inoculated stems show also Vert i -
cilliosis. Photographed July 12, 1922. 
Fig. 2. One-year-old cherry seedlings. 
a. Inoculated June 6, 1922 at the base of the stem with Verti-
cillium albo-atrum (tomato). 
b . Normal plant. 
Photographed July 12, 1922. 
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Verticillium albo-atrum: 
11 of the 12 inoculated plants showed the disease (92 %). 
Verticillium was re-isolated from 4 plants. 
The symptoms were produced by both species, but the affection 
caused by Verticillium Dahliae was less serious. 
Summary of Table XXI. 
Cucumber. 
Verticillium Dàhliae: 
0 of the 20 inoculated plants showed the disease (0 %). 
The results of cultural examination of 6 plants were nega-
tive. 
Verticillium albo-atrum: 
11 of the 12 inoculated plants showed the disease (92 %). 
Period .of incubation ± 2—4 weeks. 
Verticillium was re-isolated from 4 plants. 
After 1922 the disease appeared again especially in phlox and 
lupine, both Verticillium-species being re-isolated. Cultural exam-
ination taught, that the root-stock was infected. Every year the 
aerial shoots growing from a diseased rhizome will show wilting. 
Soil Cross-Inoculations. 
M e t h o d s . The plants: Lupinus polyphyllus, Phlox decus-
sata, Solanum tuberosum, Solanum Lycopersicum, and Cucumis 
sativus were inoculated in the same way as has been described 
for cherry seedlings on p. 48. 
The inoculation material consisted of: 
Verticillium Dahliae (Prunus Mahaleb), 
,, „ (Phlox decussata), 
„ „ (Papaver Rhoeas), 
,, ,, (Solanum tuberosum). 
Verticillium albo-atrum (Solanum tuberosum), 
„ „ (Cucumis sativus), 
„ „ fcherryj. 
R e s u l t s . It may be seen from Table XXII that Verticilliosis 
was produced by both Verticillium-species in lupine, phlox, and 
potato. Verticillium albo-atrum attacked 100 % of tomato and 
cucumber, whereas Verticillium Dahliae infected tomato but 
slightly, cucumber not at all. 
Hence the soil inoculations yielded the same results as the stem 
inoculations: both Verticillium-species are virulent to the hosts 
discussed, only cucumber is resistant to Verticillium Dahliae. 
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CHAPTER VIL — ECOLOGY. 
§ 1. DROUGHT. 
Verticillium-wilt is most prevalent in dry periods as has also 
been stated by Pethybridge: 19166, by Van der Lek: 1918a, b and 
by Haenseler: 1922. 
Some pot-experiments with the potato variety "Eigenheimer", 
inoculated at the stem base with Verticillium albo-atrum or 
V. Dahliae (potato) were arranged as follows. One set of plants 
was kept moist under glass, a second set was watered every day, 
and a third was placed under a penthouse and kept as dry as 
possible. It appeared that the development of the disease was 
much more rapid in drought, and that under very moist conditions 
the plants suffered but little from the disease. 
Klebahn (1913) observed that in an affected dahlia plant, 
placed under a glass-jar in order to get conidiophores, the decay 
of the leaves was retarded several days. 
§ 2 . TEMPERATURE. 
Bewley's observations (1920 and 1922) in commercial tomato 
houses showed that temperatures between 15,6° C. and 24° C. 
with an optimum of 21,1°—22,8° C. are favourable to the rapid 
progress of Verticillium-wilt. Below 15,6° C. and above 24° C. it 
is exceedingly slow', while suitable shading partially counteracts 
the effect of low temperatures. Bewley finds as minimum, opti-
mum, and maximum temperatures for growth of the strains of 
Verticillium (tomato) in pure culture: 4,4° C, 23,3° C. and 30° C, 
Chaudhuri (1923) : 10° Ç., 22,5° C, and 30° C. It will be seen that 
the optimum temperature for infection coincides approximately 
with that for growth in pure culture. 
§ 3. ACIDITY OF THE SOIL. 
The influence of the acidity of the soil on the course of Verticil-
lium-wilt was studied in the experimental plots at Spitsbergen 
(Groningen), employed by the Governmental Research Station of 
Agriculture at Groningen for a number of years.*) 
In 1923 three rows of potatoes of the variety "Eigenheimer" 
were planted on 10 plots of different acidity (PH 4,4—6,6) : 
No. 1—60 were tubers with discoloured vascular bundles, 
derived from Verticillium-diseased plants. 
No. 61—120 were inoculated by adding to each of them, at the 
1} Author expresses her great indebtedness to the Director Ir. J. Hudig 
for his kindness in putting a strip of the experimental plots at "Spitsbergen" 
at her disposal. 
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time of planting, a quantity of pure culture of Verticillium albo-
atrum (potato) cultivated on a medium of chopped potato. 
N°. 121—180 were controls. 
A distinct difference was to be observed in the condition of the 
plants in the various plots, but the development of the disease 
was the. same. 
CHAPTER VIII. — CONTROL. 
In conclusion we have to consider the difficult question of 
control. Difficult on account of the ability of the fungus to live 
saprophytically in the soil, and to resist frost and drought. The 
fact that the fungus seems to spread in the soil adds to this diffi-
culty. 
For studying the rate at which the disease spreads, the experi-
mental plots at "Spitsbergen" were used, the soil of which is not 
naturally infested with Verticillium, since in 1923 no wilting was 
observed among the potato crop, except the two rows mentioned 
above. In 1924 four rows of healthy "Eigenheimers" were planted 
50 cm. apart, so that the second row coincided with the inoculated 
one of 1923 (soil inoculation). On Aug. 1924 were affected of: 
the 1st 
,. 2nd 
.. 3rd 
„ 4th 
row : 48 % of the plants, 
,, : 65 % ,, „ •„ 
,, : 30 % ,, ,, ,, 
,, : 21 % ,, ,, ,, 
Hence Verticillium had spread at least 1 m. in the course of a 
year. Whether this extension is only due, to growth of the fungus 
or to transmission through tilling and animals living in the soil, 
is undecided. 
§ 1. PREVENTIVE MEASURES. 
All possible infection of the grounds should be scrupulously 
avoided. Soil of tomato or cucumber houses in which Verticillium-
wilt occurs, should not be thrown into a cherry orchard. Tomato 
plants from nurseries where the soil is badly infected, should 
not be utilized. Grounds infested with Verticillium should not be 
used for planting cherry orchards or building tomato houses. 
Tubers and root-stocks, cuttings and grafts of Verticillium-
diseased plants should be avoided. 
Pethybridge (1917) tried to kill the fungus in potato tubers 
by heating in an incubator with a definite temperature of 46° C. 
From affected tubers that had been heated at this temperature of 
46° C. (44^° C. internally) for 20 hours, healthy plants were 
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raised, but 3 of the 5 plants were somewhat smaller than the 
others. 
When only a few centres of infection are present, it may prove 
useful to destroy the affected plants with the surrounding soil. 
In general it is to be recommended to burn all the diseased 
material. 
§ 2. CULTURAL METHODS. 
A proper course of rotation of crops should be followed and 
potatoes should not be cultivated for successive seasons on the 
same land. Particularly in cherry orchards it is advisable to be 
careful not to infect the soil with the potato inter-crop. 
If the soil in a field is badly infested with Verticillium those 
plants should be cultivated which are probably not susceptible 
to Verticillium-wilt, i. e. those not mentioned in Table III. As 
soon as Verticillium-wilt appears in tomato houses, it is advisable 
according to Bewley (1920, 1922) to raise the temperature until 
the average day and night temperature is above 25° C, and to 
cover the glass with a light dressing of whitewash. Wilted 
plants recovered when the temperature had been raised to 25° C. 
and the plants were shaded. When the plants were exposed to 
the higher temperature for 75 days, they retained their turgidity 
for 30 days at a temperature favourable to wilting. 
§ 3. STERILISATION OF THE SOIL. 
In general soil can be sterilized by heating and disinfected by 
chemical agents. 
Chaudhuri (1923) states that Verticillium (tomato) is killed by 
exposing a pure culture of this fungus to a temperature of 52°— 
54° C. for ten minutes. In author's experiments the soil was steri-
lized by boiling. In greenhouses steam sterilisation may be 
applied, this method is, however, rather expensive. 
So far no conclusive results have been reached with chemical 
agents. 
§ 4. DISEASE-RESISTANT VARIETIES. 
Finally the question may be raised whether it is possible to 
cultivate plant varieties immune to Verticillium-wilt. 
Bewley (1920, 1922) draws attention to resistant varieties of 
tomatoes. 
Wollenweber (1922) expresses the opinion that what has suc-
ceeded for Citrullus vulgaris, cotton, Vigna, and cabbage with 
respect to Fusariosis, must also be attainable for potatoes with 
regard to Verticillium-wilt. Some fairly resistant varieties are 
enumerated by this author. 
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In 1916 and 1917 Jagger & Stewart (1918) raised all obtainable 
strains and varieties of cultivated eggplants on a field severely 
infested with Verticillium (eggplant), with the result that every 
plant exhibited the symptoms of the disease. 
Author's observations: the varieties of tomatoes "Ailsy 
Graig" and "Tuckwood" in the "Westland" suffer both from Ver-
ticilliosis, at Wageningen the disease was found among 26 varie-
ties of potatoes. It was already to be inferred from the cross-
inoculations discussed in Chapter VI that a strain of Verticillium 
albo-atrum or of Verticillium Dahliae is not confined to one host 
plant, but can attack a number of others differing in species, 
genus, family, order or subclass. 
In this respect the species of Fusarium, which in hotter regions 
give rise to the so-called wilt diseases (tracheomycoses), behave 
quite differently. These fungi are highly specialized in their 
adaptation to hosts (Orton: 1913, Wollenweber: 1913a); cross-
inoculations had only a positive result in one or two plant species 
(Harter & Field: 1914, Carpenter: 1918, Taubenhaus: 1920). 
According to Orton (1913) the Fusarium strains or species seem 
to be analogous to the biological strains of Puccinia and Erysiphe 
in the strict specialisation in their adaptation to hosts, added to 
their close morphological resemblance and common geographical 
distribution. 
Vavilov (1918) speaking of the prevalence of resistance among 
varieties of plants states as first regularity that the existence of 
immune varieties among a botanic species and genus is determined 
by the specialisation of a parasite. According to this author a 
closely defined specialisation, restricted to one or some closely 
related species, is as a rule accompanied with differences in 
reaction of a parasite on variety-peculiarities. 
It is therefore obvious that for the so greatly specialized group 
of the Fusaria, resistant varieties could be found. Important 
results have already been attained in this direction (Jones & 
Gilman: 1915, Jones, Walker & Tisdale: 1920, Gilbert: 1921, 
Bolley: 1904). 
According to Vavilov (1918) the chance of finding resistant 
varieties is the smaller, the feebler the specialisation of a parasite 
is on genera and species of hosts. If a fungus does not distinguish 
species-peculiarities, there is little probability that it will react on 
the less sharp morphological and physiological variety differen-
ces falling within the limits of a botanic species. 
A priori the study of the problem of resistance gives less reason 
to expect success in controlling Verticillium-wilt than this was 
the case with Fusariosis. 
77 
SUMMARY. 
1. The tracheo-mycosis caused by Verticillium, a common 
disease of different plants in the cooler regions of Europe and 
America, is observed in the following new hosts in Holland: 
the cultivated herbaceous plants: 
Papaver Rhoeas L., Eschscholzia californica Cham., Phlox 
Drummondii Hook, Aster chinensis L., Aconitum Napellus L., 
Papaver orientale L., Malva Alcea L., Lupinus polyphyllus Lindl., 
Phlox decussata Hort., Antirrhinum majus L., Monarda didy-
ma L., Campanula macrantha Fisch., Dahlia variabilis Desf., 
Gnaphalium margaritaceum L., Chrysanthemum indicum Cass., 
the woody plants: 
Ribes grossularia L. (gooseberry), Ribes nigrum L. (black cur-
rant), Ribes sanguineum Pursh., var. Lombartii, Prunus Cerasus 
austera Ehrh. (morello), Prunus Mahaleb, the cherry varieties 
"Meikers", "Bieskers", "Spaansche kers", "Eysdensche kers", 
"Hedelfinger Riesen", Daphne Mezereum L„ Syringa vulgaris L. 
(lilac), Sambucus racemqsa L., 
the weeds: 
Urtica urens L., Chenopodium album L., Solanum nigrum L., 
Erigeron canadensis L., Chrysanthemum Leucanthemum L., 
Senecio vulgaris L. 
2. Two Verticillium species were isolated: 
Verticitlium albo-atrum Rke & Berth. 
from the cherry varieties "Meikers", "Bieskers", "Spaansche 
kers", "Eysdensche kers", and from cucumber, 
Verticillium Dahliae Kleb. 
from the other hosts mentioned, and from melon, sugar beet, 
Ribes rubrum L. (red currant) and Rhus typhina L. 
Both Verticillium species were found in potato and tomato. 
3. Verticillium albo-atrum and Verticillium Dahliae differ, 
besides in their resting stage, in: 
rate of development after germination of the spores, 
mode of growth in pure cultures, 
size of the spores. 
4. Verticillium albo-atrum enters the uninjured rootlets of 
potato and cucumber by piercing the developed cell wall protu-
berances of the host cells. 
5. Verticillium albo-atrum and Verticillium Dahliae culti-
vated in pure cultures on sand, clay and a mixture of leaf-mould 
and sand resisted drought and exposure to frost for 26 periods 
of twenty-four hours and 22 nights, during which time a minimum 
temperature of — 12° C. was reached twice. Stem inoculations 
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proved that the fungi had not lost their virulence after hiber-
nation. 
6. Wilting and dropsy of red currant bushes were artificially 
produced by inoculating the branches with Verticillium Dahliae. 
7. Verticilliosis of lilac, found inter alia in some nurseries at 
Aalsmeer, was artificially produced by means of stem inocula-
tions with Verticillium Dahliae isolated from ä diseased plant. 
8. With regard to the external symptoms of the Verticilliosis 
of cherry trees two stages of the disease may be distinguished: 
a. the tree shows wilting in the year of attack, 
b. the tree has a languishing appearance (no vigorous growth, 
thin foliage, dead twigs) after the year of attack. 
9. Cross-sections of trunk, branches and roots of a diseased 
cherry tree exhibit, along one or more annual rings, a continuous 
or non-continuous series of brown stipples, situated chiefly in the 
spring wood. The wood inside this brown ring may be discoloured 
either entirely or partially; this is often the case at the base of 
the branches and of the roots, and in the trunk. The browning of 
a definite annual ring was traced in longitudinal direction as far 
as into the two-year-old shoots. 
10. Verticillium albo-atrum could be cultivated from the wood 
of the brown rings and series of stipples, and from the vessels at 
the border of the central brown spot. 
11. The browned wood contains wound-gum, thyloses, and 
mycelium within the vessels. 
12. Stem and root inoculations made on one-year-old cherry 
seedlings in May and June with Verticillium albo-atrum (cherryj 
and (potato), and with Verticillium Dahliae (potato) had positive 
results. 
13. In one of the cherries Verticillium albo-atrum (potato) 
had advanced 61 cm. in 19 days. 
14. Potatoes cultivated as inter-crop in a cherry orchard may 
be a source of infection for the trees. Verticillium albo-atrum was 
isolated from some potatoes growing under the trees. 
15. Stem-, root-, and soil inoculations performed on one-year-
old cherry seedlings with Verticittium albo-atrum (cherry) and 
(potato) on different dates from Febr. 15—Sept. 22 taught that 
the stem- and root inoculations made in May and June and 
the soil inoculations made before the middle of May produced the 
disease. 
16. A few of the cherry seedlings died in the year of inocula-
tion, the others showed the second stage of disease or looked 
healthy after the year of attack. 
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17. Two seasons after the year of inoculation (1922) most of 
the trees showed a browning of annual ring 1922, which could 
often be followed into shoot '22 of the main stem and of the lower 
lateral branches, the shoots of '23 and '24 being healthy. Verticil-
Hum was re-isolated from the affected wood of 1922. 
18. In some cherry seedlings in pots with inoculated soil the 
browning of the wood was not confined to annual ring 1922. Most 
probably the trees were re-infected after 1922 by the inoculated 
soil. 
19. Unless the roots of a not severely infected cherry tree are 
infected anew, the wood cylinders of the following years remain 
healthy and the tree may outgrow the disease. 
20. Cross-inoculations with Verticillium albo-atram and with 
Verticillium Dahliae isolated from different hosts had positive 
results in Aconitum Napellus, Lupinus polyphyllus, Phlox decus-
sata, potato, one-year-old cherry seedlings and tomato. Cucumber 
proved to be susceptible only to Verticillium albo-atrum. 
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